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Abstract 
Speech intelligibility of voice alarm communication systems is extremely important for 
proper notification and direction of building occupants.  Currently, there is no minimum 
standard to which all voice alarm communication systems must be held.  Tests were 
conducted to determine how system and room characteristics, and the addition of 
occupants, affect the intelligibility of a voice signal.  This research outlines a 
methodology for measuring the speech intelligibility of a room and describes the impact 
of numerous variables on these measurements. 
Eight variables were considered for this study: speaker quantity and location, speaker 
power tap, sound pressure level (SPL), number and location of occupants, presence of 
furniture, location of intelligibility measurements, data collection method, and floor 
covering.  All room characteristics had some affect on the room intelligibility; the sound 
pressure level of the signal and the number and location of occupants had the greatest 
overall impact on the intelligibility of the room.  It is recommended, based on the results 
of this study, that further investigation be conducted in the following areas: floor finishes, 
speaker directivity, various population densities, furniture packages and room sizes.      
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1.0 Introduction 
Speech intelligibility is the degree to which humans can understand a spoken 
message [1].  It is becoming an increasing concern in emergency voice alarm 
communication systems, due to the critical information that it conveys to building 
occupants.  If the occupants are unable to understand the emergency information they are 
being given, they can not react appropriately, which could lead to injury or death. 
Speech is defined by Merriam-Webster dictionary as the expression of thoughts 
through spoken words.  Speech is comprised of phonemes, which is the smallest phonetic 
unit of a language.  It is a continuous waveform, which has a fundamental frequency 
between 100 and 400 Hz [2].  Frequency is the number of sound waves produced per 
second [3].  The frequency range for a normal human ear is between 20 and 20,000 Hz.  
Sound is produced when changes in pressure can be detected by the ear [3]. 
    This study has analyzed the characteristics that influence the intelligibility of 
speech in a room.  In particular, testing methodologies; speaker number, location and 
power; and occupant, furniture and flooring effects on intelligibility were investigated.  
The room in which the testing was performed was a typical classroom, which provided 
seating for thirty-six.  A quantitative testing method, which utilized an intelligibility 
meter and the Common Intelligibility Scale (CIS) [4, 5], was used to predict the expected 
intelligibility in the room.  The room intelligibility averages were then evaluated to 
determine which variables had the most profound effects on the room.  In this report, the 
term “room intelligibility” for each experiment refers to the arithmetic mean (average) of 
all measurements taken in the room minus the standard deviation of all measurements 
taken in the room. 
In some emergency situations, an intelligible voice alarm communication system 
is necessary to provide occupants with information and instructions, as well as direct 
them to safety.  There are three vital pieces of information that must be conveyed in the 
event of an emergency: what has happened and where, what the occupants should do, and 
why they should do it [6].   The message that is conveyed over the communication 
system, however, must be clear enough for the occupants to be able to comprehend the 
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directions they are being given and respond accordingly.  After analysis of informative 
warning systems, Geyer found the best warning modes were those including visual 
displays.  Speech warning systems were found to be the second most effective warning 
systems [6].  In a separate study, Tong and Canter stated that voice alarm systems may be 
ignored if the message is not intelligible or clear [6]. 
The three essential components of an evacuation system are occupant 
preparedness, permission to evacuate and capability [7].  Studies have shown that people 
are more likely to obey voice commands than audible or visible emergency signals [4].  
The tone based “temporal three” emergency tone is limited in the amount of information 
it can convey to the occupants [4].  A voice communication system is able to deliver 
information such as the location of the fire or emergency and how the occupants should 
proceed. 
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2.0 Literature Review 
2.1 Speech Intelligibility 
2.1.1 Definition 
Speech intelligibility is the degree to which we understand spoken language.  The 
Merriam-Webster online dictionary defines intelligibility as “the capability of being 
understood or comprehended.”  It is the capacity which allows individual speech signals 
to be comprehended by the listener [8].  Speech must be both audible and clear to be 
intelligible [9].   It is important to note, however, that audibility is not synonymous with 
intelligibility [4].  In fact, when a message is not intelligible and the volume is increased, 
the intelligibility may worsen because of echoes and distortion, depending on the size and 
characteristics of the room and the voice communication system.  Small rooms, which 
may be defined as any room that holds 200 people or fewer, tend to have little or no 
reverberation and short time delays [10]. 
Noise, echoes, reverberation and distortion are the primary causes for low speech 
intelligibility.  Noise is a disturbance that obscures the clarity of a signal.  A large amount 
of noise is required to decrease the intelligibility of a signal [4].  A low signal-to-noise 
ratio - defined as the sound pressure level of the signal compared to the sound pressure 
level of the background noise [1] - will adversely affect the speech intelligibility of a 
space.  This is a common problem in places such as large arenas, malls, and other places 
where there is high background noise level [4]. 
Echoes are sound reflections from acoustically hard surfaces, such as marble, 
wood and glass.  Any hard surface that reflects toward the listener will reduce the 
intelligibility of the message being broadcast, because echoes from previous syllables 
mask or obscure subsequent syllables, making speech more difficult to understand [4].  In 
some cases, adding wall coverings, tapestries, and carpeting increases intelligibility by 
reducing echoes. 
Reverberation is the repeated reflection of sound waves, also known as a reecho [4], 
and can have a significant effect on the intelligibility of fire alarm messages [11].  
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Reverberation occurs frequently in places with hard, highly reflective surfaces, such as 
field houses, airports and churches.  Speech intelligibility is inversely related to the 
reverberation time [12]. 
Distortion is a change in the wave form of a signal caused by non-uniform 
transmission.  Amplifier clipping, a common form of distortion, occurs when the voltage 
of the sound signal supercedes the output capacity of the equipment, cutting off the signal 
at the equipment limit [13].  Distortion occurs in the electro-acoustical components of the 
voice alarm communication system, such as the microphone, mixer and amplifier [4].  
This form of interference makes the speech signal at the input much less intelligible at the 
output before the room characteristics come into play.       
Many variables affect comprehension of messages from a voice alarm 
communication system.  The talker, listener, characteristics of the room, installation of 
the system, and number and mounting locations of the speakers, for example, 
independently – but cumulatively – influence speech intelligibility.  When measuring 
intelligibility, the talker and listener are not directly included in the measurement.  They 
are assumed to be normal, free from speech impediments, language barriers and hearing 
impairment.  The number of people present, and their relative locations and activities, 
may have a significant impact, as may the construction, finishes and furniture in the 
room.  Figure 1 [4], below, illustrates the variables that affect the speech intelligibility of 
a voice alarm communication system.  The talker, who is assumed to be normal, speaks 
into the microphone.  Between the input at the talker and output at the listener, the signal 
is sent through the mixer and amplifier, where distortion can occur.  The signal is then 
projected in the room, where noise, echoes and reverberation can lower the intelligibility.  
The listener, who is again assumed to be normal, receives the signal from the speakers in 
the room.   
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Figure 1 - Voice Signal Path (Courtesy Kenneth Jacob, Bose Corporation).  The voice signal path 
displays the route in which the signal travels from talker to the listener.  The talker and listener are 
assumed to be normal and without any hearing, speech or language impairment and are excluded 
from the intelligibility measurements.  The measurements take into account the microphone, mixer, 
amplifier and room where the signal is projected.   
 
There are numerous subtle influences on the speech intelligibility of a room; 
including the number, quality, and configuration of speakers, the use of sound reflecting 
and absorbing materials, the number of people present in the room and people speaking 
versus people not speaking while a message is being transmitted. 
2.1.2 Current Standards 
The 2002 edition of The National Fire Protection Association (NFPA) 72 states 
that a system is intelligible when a human being can understand human speech 
reproduced by it [14].  NFPA recommends but does not require that a voice alarm 
communication system exceed a Common Intelligibility Scale (CIS) score of 0.70.  A 
CIS score of 0.70 is equivalent to an 80% word comprehension rate and a 95% sentence 
comprehension rate [4].  NFPA 72 does require that a speech signal be intelligible in all 
areas [1].  Because there is no specific value associated in the code with the word 
“intelligibility”, it is up to the Authority Having Jurisdiction (AHJ) to decide whether or 
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not the space is acceptable.  In the 2002 edition of NFPA 72, the writers added section 
A.7.4.1.4, which briefly outlines some speech intelligibility guidelines.  System designers 
should possess skills to properly design an intelligible voice alarm communication 
system for the protected area [14].  For occupancies that have not yet been constructed, 
the system designer should be well versed in the acoustic characteristics of the proposed 
building and the associated equipment that is to be installed [6]. 
2.2  Voice Alarm Communication Systems 
Studies have shown that humans are more responsive to emergency voice systems 
than to conventional evacuation bells and that less than 15% of the population will react 
appropriately to a fire alarm signal alone, a fraction that increases to 70% for voice 
messages [15, 16].  Research conducted at the University of Surrey showed that 45% of 
occupants could distinguish between a fire alarm and other types of alarms.  Furthermore, 
when a fire alarm bell sounded, 74% of the occupants assumed the alarm was a drill [17].   
In some emergencies, pre-recorded messages and alarm bells do not provide 
enough information about the situation at hand.  Clear verbal instructions are vital in 
emergency situations when lives may depend on the comprehension of the message [1].  
People need to be motivated to respond to an alarm, especially in public arenas such as 
shopping centers or movie theaters.  Providing occupants with the proper information 
alerts them of the situation and motivates them to take the suggested action [18].  As seen 
in the 1980 MGM Grand Las Vegas hotel fire [19] and the 1995 North York, Ontario 
high-rise apartment fire [20], insufficient and unclear information may lead to incomplete 
evacuation, which can lead to injury and death.  All fire-related injuries and deaths may 
not be prevented by installing an intelligibility voice alarm communication system.  It 
could, however, provide more information about the location of the emergency, available 
exits and what is being done about the situation.  By informing the occupants of the 
situation and how they should proceed, their response should be more efficient than 
sounding an alarm bell or repeating message.  In emergency situations, live voice 
messages can provide real-time information that is necessary to efficiently manage the 
situation [15].  Purser found that pre-movement lag times in emergency situations could 
be greater than 10 minutes when using a bell alarm; these lag times decreased to a few 
   7
minutes when a voice alarm communication system was used [6].  Systems with 
intelligible voice directivity clearly reduce evacuation times and cause less confusion 
than bell alarms. 
Contrary to popular belief, most people do not panic when a fire occurs [18].  The 
stress level of every occupant of the building increases in an emergency situation, and 
that is often misconstrued as panic [18].  When the occupants are stressed rather than 
panicked, they still make rational decisions that they feel will lead them to safety; they 
are able to focus on their options and make a quick decision [18].  After September 11th 
2001, many people, especially those in high rise buildings, have changed their response 
in emergency situations.  Most high rise occupants previously stayed in place when a fire 
or emergency occurred.  After the loss of the World Trade towers, many occupants 
evacuate as soon as possible [18].  An intelligible voice alarm communication system can 
provide occupants with necessary information for a more orderly evacuation.    
A voice alarm communication system, however, is only as effective as it is 
intelligible.  Occupant’s inability to hear or comprehend instructions from an emergency 
voice/alarm communication system contributed to a multiple-death fire in a high-rise 
apartment complex fire in North York, Ontario [20].  Ensuring that the voice alarm 
communication system is intelligible is the key to a successful response; the means by 
which a system can be evaluated is the topic of the next section. 
2.3 Mass Notification Systems 
After the September 11th 2001 attacks, the Department of Defense (DOD) used 
anti-terrorism information, as well as previous mass notification knowledge, to create 
UFC 4-021-01, “Mass Notification Systems” [21]. Mass notification systems allow real-
time messages to be delivered to building inhabitants, as well as those in the locality of 
the building, in an emergency situation.  Both pre-recorded and live voice messages are 
required to provide information in a timely manner to help reduce the risk of fatalities in 
an emergency situation.  Mass notification systems are used primarily in military 
applications, and the DOD has mandated that all new inhabited DOD buildings and 
components, beginning in the fiscal year 2004, be equipped with a mass notification 
system.  Existing DOD buildings that begin renovations after the fiscal year 2004 and 
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exceed the replacement cost threshold set fourth by UFC 4-010-01 will also be required 
to install a mass notification system.  In some cases where installing a new speaker 
system in not cost-effective, the use of an existing public address system may be 
appropriate, provided that the existing system is capable of delivering intelligible voice 
messages and that emergency messages take priority over non-emergency messages.   
 There are three different types of mass notification systems: individual building 
system; giant voice system; and telephone alerting system.  The individual building 
system uses and autonomous control unit, which monitors local operation of the system.  
Building personnel have the ability to initiate the mass notification system.  When this 
system is in use, the audible fire alarm notification system is momentarily deactivated to 
ensure that the mass notification message is intelligible.  The giant voice system is a 
base-wide system that uses sirens, pre-recorded messages and live voice messages to 
deliver emergency information.  This system is used primarily in outdoor areas and 
temporary structures.  It is not recommended in permanent buildings due to the difficulty 
achieving adequate intelligibility, and is not to be used in place of individual building 
mass notification systems.  The telephone alerting system provides recorded voice 
messages over the telephone network.  This system may be implemented when alerting 
all building occupants may not be appropriate or necessary [21].  Telephone alerting 
systems are also used in some civilian applications.  Neighborhoods that surround places 
such as chemical plants or refineries, for example, may have this type of system in place 
to alert civilians in the event of an emergency at the plant. 
2.4 Previous Classroom Speech Intelligibility Studies 
A study performed by several students and faculty at the University of Kansas in 
August of 2000 [22] detailed the characteristic of acoustically “good” and “bad” 
classrooms.  They stressed that classrooms with hard ceilings such as plaster or gypsum 
board and hard tile floors were subject to poor intelligibility due to echoes and 
reverberation.  They determined that providing a sound absorbing lay-in ceiling and thin 
carpet would, in most cases, lower reverberation times, therefore improving the speech 
intelligibility of the room.  They also found that, in cases where providing a lay-in ceiling 
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is not possible, suspending two-inch thick fiberglass panels covered in fabric from the 
ceiling would provide the same acoustic improvements as the lay-in ceiling. 
The American Speech-Language-Hearing Association [23] also studied fifty-six 
Florida classrooms and came up with the same solutions as the University of Kansas 
study.  This more in depth study determined the exact placement of the ceiling tiles 
versus hard ceilings to optimize the speech intelligibility form the teacher’s standpoint. 
Their general suggestions, however, were to install carpet and ceiling tiles to reduce 
echoes and reverberation time, therefore improving speech intelligibility. 
Armstrong performed a case study of four classrooms [24].  The classrooms were 
constructed of hardwood floors, masonry walls and high masonry ceilings.  When a 
suspended ceiling was installed, the background noise in the classroom dropped from 66 
decibels at peak hours to 38 decibels.  The reverberation time in the room, which is 
influenced by both the room volume and the amount of absorptive surfaces, also went 
from 2.6 seconds to just 0.6 seconds.  With the addition of a suspended ceiling system, 
the volume of the room is reduced while the absorption of the room is improved.  After 
modeling a 40’x40’x10’ classroom, McSquared systems found that controlling 
reverberation times is vital to improve speech intelligibility in classrooms [25]. 
2.5 Quantitative Speech Intelligibility Testing Methods 
There are two basic methods for testing speech intelligibility: quantitative testing 
methods and qualitative, or subject-based, testing methods.  The former uses an 
intelligibility instrument and test tone, while the latter used trained talkers and listeners to 
evaluate intelligibility [9].  Researchers have been working since the mid-twentieth 
century to develop ways to measure speech intelligibility without the use of subjects [4].  
Quantitative testing methods measure acoustical quantities using testing machines rather 
than trained talkers and listeners.  These methods may reduce bias that is present when 
humans are involved in the process.  Quantitative testing methods attempt to associate 
measurements of physical quantities to subject-based speech intelligibility scores [4].  
Quantitative testing methods include the speech transmission index (STI), the rapid 
speech transmission index (RASTI), the articulation index (AI), and the articulation loss 
of consonants (%ALcons). 
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2.5.1 Speech Transmission Index (STI) 
The Speech Transmission Index measures the loss of modulation from the system 
input to the output.  The reduction in modulation represents the reduction of the 
intelligibility of the signal [26].  The STI [27] testing method uses a special test signal to 
model speech, replacing speech with a reproducible signal that has speech-like 
characteristics and measures the corruption of the known signal [4].  STI determines the 
intelligibility of a space by comparing the signal that the testing instrument knows to the 
signal that it is detecting.  STI uses fourteen different modulation frequencies and seven 
different octave bands to measure intelligibility, for a total of ninety-eight combinations 
of modulated noise [26].  These ninety-eight combinations, as seen in Figure 2 [27] of 
section 2.5.2, are individually clipped, weighted and averaged to obtain the final STI 
measurement [26].  Each octave segment is identified by its center frequency and that 
frequency doubles each time the octave increases by one: 31, 63, 125, 250, 500, 1000, 
2000, 4000, 8000 and 16000Hz [10].  STI is measured on a scale of 0 to 1, zero being 
completely unintelligible and one being perfectly intelligible.   
2.5.2 Rapid Speech Transmission Index (RASTI)  
The RASTI [27] method is similar to the STI method.  It is considered a “simple 
alternative” to STI.  RASTI uses a smaller set of the ninety-eight combinations used in 
the STI method and was shown to be accurate in certain applications [26].  This subset of 
cells is depicted by the shaded cells of Figure 2 [27].  The reduced number of cells are 
clipped, weighted and averaged in the same manner as the STI.  Taking a measurement 
using the RASTI method takes approximately 8 seconds, as opposed to the STI method 
which takes 12 seconds [26].  The main difference between the RASTI and STI methods 
is that RASTI measures in only two, one-third octave bands rather than one octave bands 
[2].    In a one-third octave band, the frequency range is broken down three times more 
than the one octave band: 16, 20, 25, 31.5, 40, 50, 63, 80, 100, 125, etc.  Humans hear 
more closely to one-third octave bands rather than one octave bands [10]. 
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  Octave Band Center, Hz 
Modulation 
Frequency (Hz) 
125 250 500 1k 2k 4k 8k 
0.63               
0.8               
1               
1.25               
1.6               
2               
2.5               
3.15               
4               
5               
6.3               
8               
10               
12.5               
Figure 2 – Fourteen modulation frequencies and seven octave band centers (ninety-eight modulation 
combinations) are used to determine intelligibility using the Speech Transmission Index testing 
method.  The shaded cells in the matrix show the subset that is used to determine intelligibility when 
using the Rapid Speech Transmission Index [27]. 
 
2.5.3 Articulation Index (AI) 
The Articulation Index, now known as the Speech Intelligibility Index [28], was 
developed by Bell Telephone Laboratories in the 1940’s [2].  This method was developed 
to measure intelligibility in situations where dominant signals or background noise exist.  
However, the method does not account for any architectural acoustics such as 
reverberation, echoes and distortion [4].  Therefore, while it may be appropriate for 
measuring the intelligibility of phone systems, it is not the best choice when measuring 
voice alarm intelligibility in situations where the signal must traverse a room or space.  
The AI divides the signal projected over the communication system into twenty 
frequency bands.  The score for each band is weighted individually and then all bands are 
added together to generate and intelligibility score.  The AI, like STI and RASTI, assigns 
a value between 0 and 1 (perfect intelligibility).  An AI score of 0.3 or below is 
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considered unsatisfactory.  A score from 0.3 to 0.5 is considered satisfactory, 0.5 to 0.7 is 
considered good, and greater than 0.7 is very good to excellent [2]. 
2.5.4 Articulation Loss of Consonants (%ALcons) 
The articulation loss of consonants method [29], or %ALcons, measures the loss 
of consonant definition from the speaker to the listener using a TEF sound analyzer 
system [2].  The term “word articulation” refers to the number of correctly identified test 
words when performing a subject-based speech intelligibility test [2].  A lower %ALcon 
value is associated with higher speech intelligibility.  For emergency voice alarm 
communication systems, the target %ALcons value is 5% or less, assuming there is no 
masking noise present in the environment.  In less critical systems such as paging 
applications, the target value is 10% or less [2].  This method is also listed as a subject-
based method by Jacob, but neither method has been standardized [4]. 
2.6 Subject Based Speech Intelligibility Testing Methods 
Subject-based testing methods are primarily used in academic research.  These 
methods may be used in situations where specific variables are being tested to determine 
their affect on intelligibility [4].  The cost to perform subject-based tests is very high and 
the results may not be as accurate as quantitative methods because there is more human 
error involved.  Highly trained talkers and listeners must be employed in these methods.  
Using untrained individuals in these tests may lead to invalid results.  These trained 
individuals must repeat and record hundreds of words in each testing space before a 
dependable result is achieved [4].  The process is very long and tedious due to the 
number of people and words necessary to conduct these tests.   The subject-based 
methods do not provide way to predict the speech intelligibility of a room or building that 
has not yet been constructed.  Subject-based methods include the modified rhyme test, 
the phonetically based word scores, and the articulation loss of consonants [4]. 
2.6.1 Modified Rhyme Test 
To perform the modified rhyme test, the talker selects six familiar words that 
differ only by an initial or final consonant.  In this test, 50 six-word rhyming lists are 
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utilized.  A sample of six-word lists can be found in Figure 3, below.  The trained listener 
is shown one of the six word lists and is asked to identify which word is being spoken 
over the system.  The word is delivered by a generic “carrier sentence” such as “Would 
you write <test word> now”.  To determine the intelligibility of the room, the test is 
scored in one of three ways: the number of words correctly identified, those incorrectly 
identified, or the rate of confusion with the consonant sound [2]. 
went sent bent dent tent rent 
hold cold told fold sold gold 
pat pad pan path pack pass 
lane lay late lake lace lame 
kit bit fit hit wit sit 
must bust gust rust dust just 
teak team teal teach tear tease 
din dill dim dig dip did 
bed led fed red wed shed 
pin sin tin fin din win 
dug dung duck dud dub dun 
sum sun sung sup sub sud 
seep seen seethe seek seem seed 
not tot got pot hot lot 
vest test rest best west nest 
pig pill pin pip pit pick 
back bath bad bass bat ban 
way may say pay day gay 
pig big dig wig rig fig 
Figure 3 - Modified Rhyme Test Sample Word List [2].  When measuring intelligibility, a carrier 
sentence is spoken with one of the six similar words being used.  The trained listener is shown the list 
of six words and is asked which one was spoken. 
 
2.6.2 Phonetically Based Word Scores 
To perform a phonetically based word score [30] test, a set of fifty words are 
presented a number of times, using a different word order each time the list is used.  This 
method of testing is often used in statistical intelligibility testing and requires extensive 
training of listeners and talkers.  Like the modified rhyme test, a carrier sentence is used 
to deliver the test words [2].  A sample of the first four phonetic word lists is shown in 
Figure 4, below. 
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List 1 List 2 List 3 List 4 
are hunt awe nab ache muck bath neat 
bad is bait need air neck beast new 
bar mange bean niece bald nest bee oils 
bask no blush nut barb oak blonde or 
box nook bought our bead path budge peck 
cane not bounce perk cape please bus pert 
cleanse pan bud pick cast pulse bush pinch 
clove pants charge pit check rate cloak pod 
crash pest cloud quart class rouse course race 
creed pile corpse rap crave shout court rack 
death plush dab rib crime sit dodge rave 
deed rag earl scythe deck size dupe raw 
dike rat else shoe dig sob earn rut 
dish ride fate sludge dill sped eel sage 
end rise five snuff drop stag fin scab 
feast rub frog start fame take float shed 
fern slip gill suck far thrash frown shin 
folk smile gloss tan fig toil hatch sketch 
ford strife hire tang flush trip heed slap 
fraud such hit them gnaw turf hiss sour 
fuss then hock trash hurl vow hot starve 
grove there job vamp jam wedge how strap 
heap toe log vast law wharf kite test 
hid use moose ways leave who merge tick 
hive wheat mute wish lush why lush touch 
Figure 4 - Phonetically Based Word Test Sample Word List [2].  When measuring intelligibility, the 
lists of fifty words are presented numerous times in different orders.  Like the modified rhyme test, 
the words are delivered with a carrier sentence and the trained listener records the words that they 
heard.  
 
2.7 Common Intelligibility Scale (CIS) 
The CIS relates the different quantitative and subject-based intelligibility testing 
methods.  The International Electrotechnical Commission (IEC) published a graph (see 
Figure 5) that compares most of the testing methods to the common intelligibility scale 
[4, 5]. 
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Figure 5 - Common Intelligibility Scale Comparison 
 
2.8 Issues with Current Testing Methods 
2.8.1 Quantitative Methods 
Quantitative testing methods reduce human error and bias in speech intelligibility 
testing, but these methods are not flawless.  The testing instruments are sensitive to 
background noise and may give an error reading if excess noise (out of the calibrated 
frequency range) is detected.  The instruments must also be used consistently for every 
reading or the results will not be comparable to one another.  Finally, quantitative testing 
methods may have error when predicting the intelligibility of rooms that have not yet 
been constructed due to uncertainties in room finishes, furnishings and occupant densities 
in the future spaces. 
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2.8.2 Subject Based Methods 
Subject-based methods are tedious, time consuming and expensive [4].  Many 
trained people have to be present when testing each individual room and it is hard to 
control bias and human error.  All people speak and hear differently, and it is difficult to 
assemble a group of listeners and talkers that have a range of speaking and hearing 
characteristics that represent the general or target population.  It is also difficult to carry 
out a subject-based method in an occupied area, because the test area must be controlled 
so that the outcome is as exact as possible; therefore, the area must be empty in order to 
perform a subject-based test.  These methods, like quantitative methods, cannot predict 
the intelligibility of an area that is currently under construction or not yet constructed. 
The following chapter discusses the test procedure for this study, as well as the 
details of the testing facility.  The eight testing variables investigated are outlined and 
equipment details are provided.  A quantitative testing method was utilized, and the room 
intelligibility averages were expressed in terms of the common intelligibility scale (CIS).    
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3.0 Testing Methodology 
3.1 Testing Facility 
A classroom at Mammoth Fire Alarms in Lowell, Massachusetts, was the test 
location for this project.  The room is 23’-5” x 59’-5”x 9’-6”, and is fully carpeted with 
painted gypsum walls and acoustic ceiling tiles.  The front wall of the classroom is 
partially covered by a marker board.  The left wall of the classroom is lined with 
windows, and the right wall is covered with fire alarm panels and speakers.    For a 
portion of the testing, the carpet was covered with tileboard to determine the effects of 
acoustically hard surfaces on the intelligibility of the room.  The specific measurements 
of the room can be found below in Figure 6.   
 
Figure 6 - Typical Classroom Dimensions.  The room is 59’-5”(l) x 23’-5”(w) with a 9’-6”(h) ceiling 
height.  The room is fully carpeted with gypsum board walls. 
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3.1.1 Number of Experiments 
Ninety-nine experiments were conducted for this research project; thirty-one at a 
sound pressure level (SPL) of 78 dBA and sixty-eight at an SPL of 61 dBA.  Of the latter, 
twenty experiments were performed with tileboard covering the floor.  Six experiments 
were conducted without furniture present in the classroom.  Occupants were present in 
the room during testing for twelve experiments, half with tileboard and half with carpet.  
3.1.2 Testing Variables 
Eight variables were considered for this study: speaker quantity and location, 
speaker power tap, sound pressure level (SPL), number and location of occupants, 
presence of furniture, location of intelligibility measurements, data collection method, 
and floor covering.  Figure 8 shows a photograph from the rear to the front of the testing 
classroom, prior to speaker installation. 
Five ceiling speaker configurations were used for this study.  Figure 7 illustrates 
the ceiling speaker layout in the testing facility.  Generally, the speakers were laid out 14’ 
on-center (from front to back), although speaker number nine was displaced 1’ owing to 
an atypical ceiling tile/lighting layout.  From left to right, the speakers were laid out 8’ 
and 10’ on-center, respectively.  The layout enabled several different testing 
configurations.  The speakers were spread as equally as possible; all speakers for this 
project were installed in ceiling tiles that were free of existing lighting, ductwork, 
sprinklers, etc.  Speaker configurations studied were as follows: all 12 speakers, 8 
speakers (speakers 1, 3, 4, 6, 7, 9, 10 and 12), 4 corner speakers (speakers 1, 3, 10 and 
12), 4 middle speakers (speakers 2, 5, 8 and 11) and 2 middle speakers (speakers 2 and 
11). 
Three wall speaker configurations were also tested: 1 speaker (speaker 14), 2 wall 
speakers (speakers 13 and 15) and 4 wall speakers (speakers 13, 15, 16 and 17).  All wall 
speakers were 80” above the floor and were located on the front and back walls of the 
room.  For the one wall speaker scenario, the unit was located in the front center of the 
room, 11’-8.5” from either side wall.  The two and four speaker scenarios were located 2’ 
from the side walls.  The two speakers were located on the front wall and the four 
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speakers were located on both the front and back walls.  Figure 8 illustrates the wall 
speaker layout in the testing facility.  Figure 9 shows a photo of the testing facility. 
 
Figure 7 - This figure depicts the ceiling speaker layout in the testing facility.  The dimensions 
between the speakers are 14’ on center from front to back, and 8’ and 10’ on center from left to 




Figure 8 - This figure depicts the wall speaker layout in the testing facility.  The dimensions between 
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Figure 9 - Testing Classroom at Mammoth Fire Alarms in Lowell, MA, prior to speaker installation. 
 
The speakers used in this project could be set at one of five tap settings: 1/8 watt, 
¼ watt, ½ watt, 1 watt and 2 watts.  The system was equipped with a 25-volt amplifier.  
A lower tap setting projects the signal at a lower sound pressure level; therefore, the 
audibility of the speaker should improve with a higher tap setting.  This, however, should 
not be confused with better intelligibility. 
Two sound pressure levels (SPL) were investigated.  All SPL’s were measured in 
dBA, which is different than dB.  dB measures the sound pressure level of a signal on an 
unweighted curve.  dBA uses an A-weighting correction curve to account for the human 
perception of sound [31].  The first signal was approximately 78 dBA, which is the 
maximum possible for the Talkbox.  The Talkbox is the unit which projected the test 
signal, and is discussed in section 3.2.2.  The second signal was 61 dBA, which was 
suggested in the testing equipment user’s manual as comparable to normal speaking 
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volume.  These two sound pressure levels were measures of the test tone input signal.  
The SPL was measured by standing three feet from the speaker associated with the 
Talkbox.  Once the desired SPL was reached, the Talkbox speaker was placed two inches 
from the evacuation panel microphone to project the signal over the speakers in the 
testing classroom.   Ambient conditions in the classroom ranged from approximately 32 
to 37 dBA.   
Intelligibility testing was performed in three different environments: a vacant 
room without furniture, a vacant room with furniture and an occupied room with 
furniture.  The chairs were typical rolling office chairs with a metal frame and padded 
seats.  The desks had a metal frame with a Formica desktop.  They were approximately 
5’x3’ and two chairs were assigned to each desk.  The furniture was arranged in lecture 
hall format.  When the room was occupied during testing, four scenarios were tested: ten 
occupants grouped in the middle of the room, ten occupants scattered throughout the 
room, twenty-two occupants grouped in the middle of the room and twenty-two 
occupants scattered throughout the room.  The occupants were seated and silent.  Figures 
10 and 11 show the grouped and scattered seating arrangement, respectively, for ten 
occupants.  Figures 12 and 13 show the grouped and scattered seating arrangement, 
respectively, for twenty-two occupants.  The room provides seating for thirty-six 
occupants, although the maximum occupancy for the room is 70 people [32].  During one 
set of experiments, the furniture was removed from the room. 
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Figure 10 - Grouped seating arrangement during the ten occupant testing.   Test subjects occupied 
the two middle rows and remained seated during testing.  The circles denote the location of the 
occupants. 
 
Figure 11 - Scattered seating arrangement during the ten occupant testing.  The test subjects 
occupied all six rows and remained seated during testing.  The circles denote the location of the 
occupants. 
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Figure 12 - Grouped seating arrangement during the twenty-two occupant testing.   Test subjects 
occupied the four middle rows and remained seated during testing.  The circles denote the location of 
the occupants. 
 
Figure 13 - Scattered seating arrangement during the twenty-two occupant testing.  The test subjects 




The suggested measurement layout for speech intelligibility testing is a 20’ x 20’ 
grid [4].  A smaller testing grid was used for this research to determine what variables 
have an effect on speech intelligibility.  The three measurement configurations can be 
seen in Figure 2 below.  The room was measured off into 5’ by 5’, 10’ by 10’, and 
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modified 10’ by 20’ grids.  The 5’x5’ grid (Figure 14a) was predominantly used when the 
78 dBA experiments were performed, while the 10’x10’ grid (Figure 14b) was primarily 
used during the 61 dBA experiments.  When occupants were present in the room, the 
modified 10’x20’ grid (Figure 14c) was used.  During testing, the occupants had to be 
completely silent and relatively motionless so as not to disturb the test.  The average test 
took approximately forty minutes to complete.  In order to reduce the time that the 
occupants had to sit silently, the measurement grid was condensed.   Therefore, 10’ by 
20’ spacing was used toward the front and back of the room where no people were 
sitting, and 10’ by 10’ spacing was used in the middle of the room to obtain as many 
measurements between the occupants as possible.  
 
Figure 14– This figure illustrates the measurement locations that were used for this project.  The 
5’x5’ grid on the left was predominantly used for the 78 dBA experiments, while the 10’x10’ grid in 
the center was mostly used in the 61 dBA experiments.  The 10’x20’ grid on the right was used only 
when occupants were present in the room.  Each dot represents a measurement location 
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Two data collection methods were used in this project.  The most commonly used 
collection method for this study was an experimental “4 wall” testing method, in which 
measurements at each location were taken facing each wall then averaged together to 
obtain a CIS score for that point.  For the experimental testing method, if a measurement 
differed from other measurements at that location by more than 0.05, the measurement 
was retaken.  The 5x5’ testing grid used a modified form of this method.  Because there 
were over twice as many testing locations for the 5’x5’ grid, 2 measurements were taken 
at each location, facing 2 different walls and the two measurements were averaged 
together (e.g., the first measurement location faced the north and east walls and the 
second measurement location faced the south and west walls and each location rotated 
walls).  
The second collection method, termed the Simplex Method due to it’s description 
in the SimplexGrinnell STICis guide [33], performed by taking two consecutive 
measurements while facing the closest speaker.  If the two measurements differ by more 
than 0.02, a third measurement is taken and the two closest measurements are averaged to 
obtain the CIS score for that location.  All measurements taken for each of the ninety-
nine experiments can be found in Appendix B.   
For both data collection methods, the average and standard deviation of CIS 
scores at all locations in the room are calculated.  The predicted room intelligibility is 
obtained by subtracting one standard deviation from the room average, as recommended 
by NFPA 72 [14].  The intelligibility meter was held at chest height at arms length from 
the body.  The microphone for the meter was at about ear level.  If the room intelligibility 
is 0.70 or above, the system is considered acceptable [5] (an acceptable room is termed 
“passing” in this study); if it is 0.69 or lower, the system is unacceptable (an unacceptable 
room is termed “failing” in this study). 
 The final variable considered in this study was the use of acoustically reflective 
surfaces.  The room is approximately 1400 ft2 and is finished with sound absorbing 
materials, such as carpeting and acoustical ceiling tiles.  Tileboard was placed over the 
carpeting to determine the effect of the floor finish on speech intelligibility.  The 
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tileboard used in this study was manufactured by Decorative Panels International (DPI).  
It is “Thrifty White” 1/8 inch thick flat tileboard with durable hardboard backing. 
Before every test, the speakers were properly configured.  The speakers were 
mechanically connected or removed from the system, depending on the required test 
configuration.  The power tap was adjusted on active speakers so that all speakers in use 
projected sound at the same decibel level.     
3.2 Equipment 
3.2.1 Goldline DSP-30 
A Goldline DSP-30 meter was used to measure the speech intelligibility of the 
room.  This machine is capable of measuring intelligibility in three different modes: 
Common Intelligibility Scale (CIS), Speech Transmission Index (STI) and Rapid Speech 
Transmission Index (RASTI).  Three weighted curves and three decay times (time 
constants) can be used.  The intelligibility reading can also be displayed in three fashions: 
average, peak or peak hold.  Finally, two filter settings can be used: Filter I is used for 
notching over large dynamic ranges and Filter II is used primarily for room equalization 
[10].  For this research, the automatic machine settings for CIS readings were used.  
Therefore, dB measurements were taken with the A-weighting curve, medium decay, 
peak measurement display and the second filter setting.  The A-weighting curve weighs 
the measured dB value for each frequency band based on the response of the average 
human ear.  This curve does not accentuate very high and very low frequencies, and 
corresponds best with the human reaction to noise [31].  A specification sheet for the 
DSP-30 Intelligibility Meter can be found in Appendix A.  The intelligibility meter was 
held at chest height at arms length from the body.  The microphone for the meter was at 
about ear level.  Figure 15 shows a photograph of the intelligibility meter.   
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Figure 15 - Goldline DSP-30 Intelligibility Meter 
 
3.2.2 Goldline STICis Talkbox 
A Goldline Talkbox produced the test signal to be measured in the room.  The 
signal was a STI-PA test tone, provided by Goldline, which was developed and tested by 
Dutch National Labs - TNO Human Factors Group, located in the Netherlands [10].  Both 
Goldline and SimplexGrinnell equipment use this signal in speech intelligibility testing. 
The Talkbox utilized a Citizens compact disk player to produce the signal and a 
Labtec speaker to project it.  A microphone from the voice evacuation panel was secured 
to the Talkbox using the black microphone cradle.  Once the microphone was secure, the 
signal was played over the Labtec speaker into the microphone, which subsequently 
projected the signal over the speakers in the room.  The volume at which the signal was 
projected from the Talkbox was 61 dBA, as suggested by Goldline for a normal talking 
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volume.  For some testing, the signal was projected at 78 dBA to determine the affects on 
intelligibility.   A photograph of the Goldline Talkbox can be seen in Figure 16. 
 
 
Figure 16 - Goldline STICis Talkbox 
 
3.2.3 Voice Evacuation Control Panel 
The voice evacuation control panel used for this research was a Signal 
Communications Corporation (SIG COM) DVS-50 panel.  The panel contains a digital 
power amplifier.  It can store a 60-second, pre-recorded emergency message, and custom 
programmed messages or alert tones can be added.  A hand-held microphone for real-
time messages is provided.  The wall-mounted panel was located in a closet adjacent to 
the testing room.  A specification sheet for the DSV-50 Evacuation Control Panel can be 
found in Appendix A.  A photograph of the panel can be seen in Figure 17. 
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Figure 17 - Voice Evacuation Control Panel 
 
3.2.4 Fire Alarm Speakers 
Ceiling- and wall-mounted speakers, manufactured by Wheelock, were used for 
this project.  The wall-mounted speakers were from the E70 speaker/strobe series and the 
ceiling-mounted speakers were E90 speaker/strobes.  The speaker/strobe combination 
was used to represent common field installations: in most cases, the speakers and strobes 
are installed as one unit rather than two separate units.  The speakers have dual voltage 
(25/75VRMS) capability and field-selectable taps from 1/8 to 2 watts.  A specification 
sheet for the Wheelock Speakers can be found in Appendix A.  Photographs of the ceiling 
mounted and wall mounted speakers can be seen in Figures 18 and 19. 
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Figure 18 - Wheelock Ceiling Mounted Speaker 
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Figure 19 - Wheelock Wall Mounted Speaker 
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4.0 Results and Analysis 
Ninety-nine experiments were performed at various sound pressure levels; power 
tap settings; and speaker numbers and locations.  Of those, thirty-five yielded failing 
room averages and sixty-four yielded passing room averages, where the common 
intelligibility scale (CIS) was used to evaluate the room intelligibility.  Room 
intelligibility is the arithmetic room average minus the arithmetic room standard 
deviation.   As seen in Annex A.7.4.1.4 of NFPA 72, a room intelligibility of 0.70 or 
above is considered passing, while one of 0.69 or below is considered failing [14].  
Figure 20 below displays the number of experiments performed at each power tap setting.  
Within each group, variables such as flooring, occupancy, furniture, speaker number and 
testing method were explored to determine the impact, if any, on the room intelligibility. 
 
Figure 20 - The number of experiments performed at each power tap setting is shown.  A plurality of 
experiments were conducted with the 1/8-watt power tap with thirty-four, while the ¼-watt power 
tap setting comprised the fewest experiments (ten).  Other variables, such as flooring and occupancy, 
were altered within these five groups to determine their impact on intelligibility. 
 
Figure 21 outlines the number of experiments performed when the speaker number and 
location was varied.  Three different wall speaker configurations and five different 
ceiling speaker configurations were used.  The wall speakers were mounted at 6’-8” from 
the floor, and 2’ from each side wall.   
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Figure 21 –The number of experiments performed as a function of the number and location of 
speakers is shown.    When experiments used one wall speaker, the speaker was mounted in the 
center of the front wall.  When two wall speakers were tested, they were mounted on the front wall, 
two feet from each side wall.  When four wall speakers were tested, they were mounted with two 
speakers on the front and back walls, two feet from each side wall. 
 
Figure 22 shows the number of experiments performed at each power tap setting and 
floor covering.  Sixty-eight experiments were performed at an SPL of 61 dBA, while 
thirty-one experiments were performed at an SPL of 78 dBA.  At 61 dBA, both carpet 




Figure 22 –The number of experiments performed based on the floor covering used and the sound 
pressure level at which the signal was projected is displayed.  Test tones were provided at an SPL of 
61 dBA and 78 dBA for carpeted floors and at 61 dBA for floors covered with tileboard. 
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Table 1 outlines the variables that were used in each of the carpet experiments at 
61 dBA.  Each row indicates one experiment and all of the variables in use during that 
experiment.  The variables in Table 1 correspond with the room intelligibility averages 
from Tables 5 and 10.  All experiments were performed using the experimental testing 
method, unless otherwise noted in the table.  The first experiment in the table is the 
baseline experiment for this set (carpet, furniture, 1/8 watt, two speakers, no occupants, 
10’x10’ testing grid and 61 dBA).  All experiments were varied based on this experiment.  
Throughout this set of experiments, four variables remained constant: carpeting, no 
occupants present, 10’x10’ measurement grid and 61 dBA.  
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Table 1 – Experimental variables for experiments with carpet at 61 dBA.  Each row represents one 
experiment, and these correspond with the results in Tables 5 and 10.  The first row is the baseline 
experiment, and all subsequent experiments were varied based on that experiment. 
 
Table 2 outlines the variables that were used in each of the tileboard experiments 
at 61 dBA.  Each row indicates one experiment and all of the variables in use during that 
experiment.  The variables in this table correspond with the room intelligibility averages 
from Tables 6 and 10.  All experiments were performed using the experimental testing 
method, unless otherwise noted in the table.  The first experiment in the table is the 
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baseline experiment for this set (tileboard, furniture, 1/8 watt, two speakers, no occupants, 
10’x10’ testing grid and 61 dBA).  All experiments were varied based on this experiment.  
Throughout this set of experiments, five variables remained constant: carpeting, furniture, 
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Table 2 - Experimental variables for experiments with tileboard at 61 dBA.  Each row represents one 
experiment, and these correspond with the results in Tables 6 and 10.  The first row is the baseline 
experiment, and all subsequent experiments were varied based on that experiment. 
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Table 3 outlines the variables that were used in each of the carpet experiments at 
78 dBA.  Each row indicates one experiment and all of the variables in use during that 
experiment.  The variables in this table correspond with the room intelligibility averages 
from Tables 7 and 8.  All experiments were performed using the experimental testing 
method, unless otherwise noted in the table.  The first experiment in the table is the 
baseline experiment for this set (carpet, furniture, 1/8 watt, two speakers, no occupants, 
5’x5’ testing grid and 78 dBA).  All experiments were varied based on this experiment.  
Throughout this set of experiments, four variables remained constant: carpeting, 
furniture, no occupants present, and 78 dBA.  
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Table 3 - Experimental variables for experiments with carpet at 78 dBA.  Each row represents one 
experiment, and these correspond with the results in Tables 7 and 8.  The first row is the baseline 
experiment, and all subsequent experiments were varied based on that experiment. 
 
Table 4 outlines the variables that were used in each of the occupant experiments 
at 61 dBA.  Each row indicates one experiment and all of the variables in use during that 
experiment.  The variables in this table correspond with the room intelligibility averages 
from Table 9.  All experiments were performed using the experimental testing method.  
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Throughout this set of experiments, two variables remained constant: 10’x20’ modified 
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Table 4 - Experimental variables for experiments with occupants at 61 dBA.  Each row represents 
one experiment, and these correspond with the results in Table 9.  The top six experiments have 
tileboard as the floor covering and the bottom six experiments have carpet covering the floor. 
 
Tables 5 through 10 provide the minimum and maximum readings, arithmetic 
mean, standard deviation and room intelligibility for each experiment.  (The room 
intelligibility is the arithmetic mean of all measurements for a given experiment, minus 
the associated standard deviation.  Experiments with a room intelligibility of 0.69 or less 
are shaded.) 
Table 5 displays the results for experiments in the carpeted room at 61 dBA.  
When furniture was present during testing, eight experiments resulted in failing averages 
while fourteen experiments resulted in passing averages.  For these twenty-two 
experiments, the highest room intelligibility was 0.75 (twelve speakers, 2 watts).  The 
lowest room intelligibility for the carpeted room was 0.60 (two wall speakers, 1/8 watt). 
When furniture was removed, four experiments produced a failing average while 
two experiments produced a passing average.  For these six experiments, the highest 
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room intelligibility was 0.72 (four speakers, ½ watt).  The lowest room intelligibility was 
0.61 (two ceiling speakers, 1/8 watt). 
When wall speakers were tested, the resulting room intelligibility never exceeded 
the room intelligibility of the ceiling speaker layout at the same power tap and speaker 
number.  At the higher power taps (1 and 2 watts) and four speakers, the room 
intelligibility for the wall speakers tended to even out with the ceiling speaker room 
intelligibility averages.  At 1 watt, the room intelligibility for four wall and ceiling 
speakers is 0.72.  Similarly, at 2 watts, the room intelligibility for both is 0.73.  At 1/8 
watt, however, the four wall speakers resulted in a room intelligibility of 0.65 while the 
four ceiling speakers yielded a 0.67.  When two speakers were tested, the wall speakers 
generated a lower room intelligibility than the ceiling speakers, regardless of the power 
tap.   
The standard deviation of the measurements tended to decrease as the number of 
speakers increased.  For two and four ceiling speakers, the standard deviation ranged 
between 0.02 and 0.04.  For eight and twelve ceiling speakers, the standard deviation 
remained constant at 0.02.  When looking at wall speakers, the standard deviation for the 
two speaker layout was always greater than the four speaker layout.  The standard 
deviation for wall speakers ranged from 0.02 to 0.06.  In general, the standard deviations 
for the wall speakers were greater than the standard deviations for the ceiling speakers. 
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Carpet Experiments at 61 dBA 
  Speakers   
Power 






2 0.69 0.60 0.76 0.04 0.64
4 0.70 0.65 0.76 0.03 0.67
8 0.72 0.69 0.76 0.02 0.70
Ceiling 
12 0.73 0.69 0.77 0.02 0.71
2 0.66 0.57 0.81 0.06 0.60
1/8 Watt 
Wall 
4 0.69 0.63 0.80 0.04 0.65
2 0.71 0.60 0.77 0.03 0.681/4 Watt Ceiling 
4 0.74 0.70 0.78 0.02 0.72
2 0.72 0.65 0.78 0.03 0.691/2 Watt Ceiling 
4 0.77 0.72 0.81 0.02 0.74
2 0.74 0.68 0.79 0.03 0.71
4 0.74 0.69 0.80 0.03 0.72
8 0.76 0.72 0.80 0.02 0.74
Ceiling 
12 0.75 0.71 0.79 0.02 0.73
2 0.73 0.66 0.81 0.04 0.69
1 Watt 
Wall 
4 0.74 0.70 0.79 0.02 0.72
2 0.75 0.70 0.79 0.02 0.72
4 0.75 0.64 0.81 0.03 0.73
8 0.77 0.71 0.83 0.02 0.74
Ceiling 
12 0.77 0.73 0.80 0.02 0.75
2 0.73 0.63 0.83 0.04 0.68
2 Watt 
Wall 
4 0.76 0.70 0.82 0.03 0.73
No Furniture 
2 0.64 0.58 0.71 0.03 0.61
4 0.68 0.62 0.73 0.03 0.64
8 0.71 0.67 0.74 0.02 0.69
1/8 Watt Ceiling 
12 0.73 0.69 0.77 0.02 0.71
2 0.72 0.67 0.78 0.03 0.691/2 Watt Ceiling 
4 0.74 0.69 0.79 0.02 0.72
Table 5 – The results for the carpet experiments at an SPL of 61 dBA with and without furniture 
present during testing are displayed.  All experiments in this table were performed at a 10’x10’ 
testing grid using the experimental testing method, as described in section 3.1.2.  All room 
intelligibility averages are expressed in terms of the Common Intelligibility Scale (CIS). 
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 Table 6 provides the results for experiments at 61 dBA where the carpet was 
covered by tileboard.  The room was furnished for all tileboard experiments, half of 
which where not intelligible.  For these twenty-two experiments, the highest room 
intelligibility was 0.75 (twelve speakers, 2 watts).  The lowest room intelligibility was 
0.56 (two wall speakers, 1/8 watt).  Note that both the highest and lowest room 
intelligibility averages for tileboard mirror the results at the same power tap and speaker 
number for the carpet scenario, with identical maximum values. 
When wall speakers were tested, the resulting room intelligibility was always 
lower than that of the ceiling speaker layout at the same power tap and speaker number.  
The standard deviation of the measurements tended to decrease as the number of speakers 
increased, as they did for the carpeted experiments.  For two and four ceiling speakers, 
the standard deviation ranged between 0.02 and 0.04.  For eight and twelve ceiling 
speakers, the standard deviation remained constant at 0.02.  When looking at wall 
speakers, the standard deviation for the two speaker layout was always greater than the 
four speaker layout.  The standard deviation for the wall speakers ranged from 0.03 to 
0.06.  With the exception of four wall and ceiling speakers at 1/8-watt which had identical 
standard deviations, the standard deviations for the wall speakers were greater than the 
standard deviations for the ceiling speakers. 
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    Tileboard Experiments at 61 dBA 
  Speakers   
Power 






2 0.67 0.57 0.77 0.04 0.62
4 0.68 0.61 0.74 0.04 0.64
8 0.70 0.61 0.75 0.02 0.68
Ceiling 
12 0.72 0.65 0.77 0.02 0.70
2 0.62 0.52 0.75 0.06 0.56
1/8 Watt 
Wall 
4 0.66 0.60 0.76 0.04 0.62
2 0.69 0.63 0.76 0.04 0.651/4 Watt Ceiling 
4 0.73 0.68 0.79 0.03 0.70
2 0.71 0.65 0.77 0.03 0.681/2 Watt Ceiling 
4 0.75 0.70 0.80 0.02 0.73
2 0.71 0.63 0.79 0.04 0.67
4 0.74 0.70 0.79 0.02 0.72
8 0.74 0.70 0.79 0.02 0.72
Ceiling 
12 0.76 0.73 0.81 0.02 0.74
2 0.70 0.61 0.79 0.05 0.66
1 Watt 
Wall 
4 0.73 0.67 0.79 0.03 0.71
2 0.73 0.65 0.83 0.04 0.69
4 0.75 0.70 0.82 0.03 0.73
8 0.76 0.73 0.80 0.02 0.74
Ceiling 
12 0.76 0.72 0.80 0.02 0.75
2 0.73 0.65 0.81 0.05 0.68
2 Watt 
Wall 
4 0.74 0.69 0.80 0.02 0.72
Table 6 –The results for the tileboard experiments at an SPL of 61 dBA are displayed.  The tileboard 
experiments were all performed with furniture present.  All experiments in this table were 
performed at a 10’x10’ testing grid using the experimental testing method, as described in section 
3.1.2.  All room intelligibility averages are expressed in terms of the Common Intelligibility Scale 
(CIS). 
 
Table 7 displays the results for the carpet experiments at 78 dBA with the larger 
10’x10’ testing grid.  Furniture was present for all experiments in this scenario.  All three 
experiments yielded passing room intelligibility averages.  The 1/8-watt and ½-watt 
experiments both generated a room intelligibility of 0.80.  The 2-watt experiment 
averaged slightly lower at 0.79.  These results were much greater than the corresponding 
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experiments at 61 dBA.  The 1/8-watt experiment using a 78 dBA test signal generated a 
0.16 increase over the 61 dBA results; the ½-watt experiment generated a 0.11 increase; 
and the 2-watt experiment generated a 0.07 increase.    
 
 Carpet Experiments at 78 dBA 
  Speakers   
Power 





10'x10' Testing Grid 
1/8 Watt 2 0.82 0.79 0.86 0.02 0.80
1/2 Watt 2 0.82 0.77 0.87 0.02 0.80
2 Watt 
Ceiling 
2 0.81 0.77 0.86 0.02 0.79
Table 7 - The results for the carpet experiments at an SPL of 78 dBA are shown.  These experiments 
were all performed with furniture present.  All experiments in this table were performed at a 10’x10’ 
testing grid using the experimental testing method, as described in section 3.1.2.  All room 
intelligibility averages are expressed in terms of the Common Intelligibility Scale (CIS). 
 
Table 8 displays the results for the carpet experiments at 78 dBA with the smaller 
5’x5’ testing grid.  Furniture was present for all experiments in this scenario.  All twenty-
eight experiments resulted in passing averages.  Of these experiments, the highest room 
intelligibility was 0.80, which occurred in six different experiments: 1/8 watt with four 
middle speakers; 1/8 watt with twelve speakers; ¼ watt with eight speakers; 1 watt with 
four corner speakers; 1 watt with eight speakers and 1 watt with twelve speakers in use.  
The lowest room intelligibility for this scenario was 0.74 (one wall speaker, 1/8 watt). 
When wall speakers were tested, the room intelligibility averages were much 
closer than that of the 61 dBA experiments.  At 1/8 watt, the wall and ceiling speakers 
yielded the same room intelligibility.  At the remaining power taps, the ceiling speakers 
resulted in greater room intelligibility averages than the wall speakers.  At 1/8 watt, 
however, the room intelligibility gap between the one and two speaker experiments was 
0.02, whereas the remaining power taps had a gap of 0.01 or less.  At this SPL, the 
standard deviation did not vary greatly; the standard deviation ranged between 0.02 and 
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Carpet Experiments at 78 dBA 
  Speakers   
Power 





5'x5' Testing Grid 
2 0.78 0.71 0.85 0.03 0.76
4 (c) 0.79 0.73 0.86 0.02 0.77
4 (m) 0.82 0.75 0.87 0.02 0.80
8 0.80 0.73 0.85 0.02 0.78
Ceiling 
12 0.82 0.76 0.87 0.02 0.80
1 0.76 0.71 0.83 0.03 0.74
1/8 Watt 
Wall 
2 0.78 0.73 0.84 0.02 0.76
2 0.79 0.70 0.89 0.03 0.76
4 (c) 0.80 0.73 0.86 0.03 0.77
4 (m) 0.81 0.73 0.85 0.02 0.78
8 0.82 0.77 0.86 0.02 0.80
Ceiling 
12 0.81 0.73 0.86 0.02 0.79
1/4 Watt 
Wall 1 0.77 0.73 0.83 0.02 0.75
Ceiling 2 0.81 0.77 0.87 0.02 0.79
1 0.78 0.73 0.84 0.02 0.761/2 Watt Wall 
2 0.78 0.72 0.83 0.02 0.76
2 0.80 0.74 0.84 0.02 0.78
4 (c) 0.82 0.77 0.88 0.02 0.80
4(m) 0.79 0.72 0.83 0.02 0.77
8 0.82 0.74 0.86 0.02 0.80
Ceiling 
12 0.81 0.77 0.87 0.02 0.80
1 0.78 0.72 0.83 0.02 0.75
1 Watt 
Wall 
2 0.78 0.73 0.83 0.02 0.76
2 0.79 0.73 0.86 0.02 0.77
4 (c) 0.79 0.75 0.86 0.02 0.77Ceiling 
12 0.79 0.74 0.83 0.02 0.77
1 0.77 0.71 0.87 0.03 0.75
2 Watt 
Wall 
2 0.78 0.72 0.84 0.02 0.76
Table 8 –The results for the carpet experiments at an SPL of 78 dBA are displayed.  These 
experiments were all performed with furniture present.  All experiments in this table were 
performed at a 5’x5’ testing grid using the experimental testing method, which is described in section 
3.1.2.  For the four speaker experiments, the (m) stands for the four speakers located in the middle of 
the room, and the (c) stands for the four speakers located in each corner of the room.  All room 
intelligibility averages are expressed in terms of the Common Intelligibility Scale (CIS). 
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Table 9 displays the results for the occupant experiments at 61 dBA with the 
10’x20’ testing grid, which was only used during the occupant testing.  This testing grid 
was smaller than the recommended testing grid of 20’x20’ in order to determine if a 
smaller testing gird is a more comprehensive evaluation of a space.  The room was 
furnished for all experiments in this scenario and occupants were seated, silent and 
motionless throughout the experiments.  Six experiments were conducted for each of 
carpet and tileboard the floor coverings.  For the former, four of the six experiments 
yielded failing averages.  The highest room intelligibility of the six experiments was 0.72 
(two speakers, ½ watt, ten scattered occupants).  The lowest room intelligibility was 0.65 
(four speakers, 1/8 watt, twenty-two grouped occupants).  For the tileboard testing, all six 
experiments produced a failing average.  The highest room intelligibility was 0.69 (two 
speakers, ½ watt, twenty-two scattered occupants).  The lowest room intelligibility was 
0.52 (four speakers, 1/8 watt, twenty-two grouped occupants).  Note that the lowest room 
intelligibility averages in each group occurred at the same power tap with the same 
number of speakers and occupants. 
The standard deviation for the occupant experiments was generally higher than 
the unoccupied experiments.  The tileboard experiments also generated higher standard 
deviations than the carpet experiments; the standard deviation for the tileboard ranged 
from 0.04 to 0.09, while that of the carpet ranged from 0.02-0.04.  
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Grouped (22) 4 0.69 0.60 0.77 0.04 0.65
Grouped (10) 4 0.70 0.63 0.74 0.04 0.66
Scattered (22) 4 0.70 0.61 0.77 0.04 0.66
1/8 Watt 
Scattered (10) 4 0.72 0.68 0.77 0.02 0.70
Scattered (22) 2 0.71 0.61 0.79 0.04 0.671/2 Watt 
Scattered (10) 2 0.74 0.69 0.80 0.03 0.72
Tileboard 
2 0.64 0.54 0.75 0.05 0.60Grouped (22) 
4 0.62 0.43 0.74 0.09 0.52
2 0.65 0.52 0.74 0.05 0.60
1/8 Watt 
Scattered (22) 
4 0.69 0.61 0.78 0.04 0.65
Grouped (22) 2 0.71 0.63 0.82 0.05 0.671/2 Watt 
Scattered (22) 2 0.75 0.66 0.84 0.06 0.69
Table 9 –The results for the occupant experiments at an SPL of 61 dBA are shown.  These 
experiments were all performed with furniture present.  All experiments in this table were 
performed at a 10’x20’ testing grid using the experimental testing method, which is described in 
section 3.1.2.  During testing, all occupants were seated and grouped together in the middle of the 
room, or scattered throughout the six rows of desks.  Depending on the experiment, either ten or 
twenty-two occupants were present for the testing.  Both carpet and tileboard were tested in this 
scenario.  The occupants were silent and motionless during testing.  All room intelligibility averages 
are expressed in terms of the Common Intelligibility Scale (CIS). 
 
Table 10 displays the results for the experiments conducted using the Simplex 
testing method, described in the SimplexGrinnell STICis guide [33], at 61 dBA.  
Furniture was present for all experiments.  Two of the three experiments with carpet 
generated a passing room intelligibility.  The highest room intelligibility was 0.80 (two 
speakers, 2 watts).  The lowest room intelligibility was 0.68 (two speakers, 1/8 watt).   
Two of three tileboard experiments also passed.  The highest room intelligibility 
was 0.75 (two speakers, 2 watts).  The lowest room intelligibility was 0.63 (two speakers, 
1/8 watt).  Note that both the low and high averages occurred at the same power tap for 
both the carpet and tileboard experiments. 
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Simplex Testing Method Experiments at 61 dBA 
  Speakers   
Power 






1/8 Watt Ceiling 2 0.71 0.65 0.76 0.03 0.68
1/2 Watt Ceiling 2 0.76 0.71 0.81 0.03 0.73
2 Watt Ceiling 2 0.82 0.78 0.85 0.02 0.80
Tileboard 
1/8 Watt Ceiling 2 0.67 0.60 0.75 0.05 0.63
1/2 Watt Ceiling 2 0.74 0.67 0.79 0.03 0.71
2 Watt Ceiling 2 0.77 0.73 0.82 0.02 0.75
Table 10 – The results for the Simplex testing method experiments at an SPL of 61 dBA are shown.  
These experiments were all performed in a furnished room.  All experiments in this table were 
performed at a 10’x10’ testing grid.  Both carpet and tileboard were tested using the Simplex 
method.  All room intelligibility averages are expressed in terms of the Common Intelligibility Scale 
(CIS). 
   
4.1 Overall Variable Comparison 
 Changes in certain variables resulted in higher room intelligibility averages in the 
classroom.  When comparing the carpet experiments at 78 dBA to those at 61 dBA, the 
former averaged 0.78, while the latter averaged 0.71.  For the carpet and tileboard 
experiments at 61 dBA, two and four ceiling and wall speakers at 1/8 -, 1- and 2-watt 
power tap were compared.  The ceiling speakers averaged 0.02 higher than the wall 
speakers (0.70 to 0.68).  For the tileboard experiments, ceiling speakers again averaged 
0.02 higher than wall speakers (0.68 to 0.66).  The higher SPL at the input resulted in a 
higher SPL at the measurement locations in the classroom.  In this test classroom, the 
higher SPL at the system input does not appear to adversely affect the room 
intelligibility.  In larger spaces with acoustically harder surfaces such as auditoria and 
churches, louder output signals may result in greater reverberation or distortion, which 
will decrease the intelligibility of the signal. 
When looking at experiments that utilized ceiling speakers at 61 dBA, those 
tested with carpet covering the floor averaged 0.71 while those tested with the tileboard 
   49
covering the floor averaged 0.70.  When looking at experiments that utilized wall 
speakers at 61 dBA, those tested with carpet averaged 0.68 while those tested with 
tileboard averaged 0.66.  In both cases, the carpet floor covering resulted in averages that 
were higher than the results with tileboard floor covering.   
 The Simplex testing method was used in six experiments: three with tileboard and 
three with carpet.  The former averaged 0.70 while the latter averaged 0.74.  The six 
Simplex method experiments averaged 0.72 while the corresponding experimental 
method experiments averaged 0.67.  This indicates that the experimental testing method 
is more conservative and that the means by which data is gathered can significantly affect 
the results. 
 Six experiments were conducted with all furniture removed from the room, with 
an average of 0.68.  The room intelligibility at 1/8 watt saw a sizeable increase between 
the four and eight speaker scenarios.  The four speaker layout returned a room 
intelligibility of 0.64, while that of the eight speaker layout was 0.69, an increase of 0.05.    
The similar experiments with furniture present returned an average of 0.69, which 
indicated that the furniture involved in this testing, at least, had little effect on the 
intelligibility of the room.  
 Twelve experiments were performed with occupants present: six experiments 
each with carpet and tileboard.  During carpet testing, both ten and twenty-two occupants 
were included for three experiments each.  With carpet, the scattered occupant 
experiments yielded an average of 0.68 and the grouped occupant experiments yielded an 
average of 0.66, while with tileboard, the scattered occupant experiments yielded an 
average of 0.65 and the grouped occupant experiments yielded an average of 0.60.  
Comparing the ten person occupant experiments with the twenty-two person occupant 
experiments, the presence of ten occupants always yielded a higher room intelligibility 
than the twenty-two occupants. When the occupants were grouped, the increase was 
minute at only 0.01.  When the occupants were scattered, however, the increase was 0.04 
at 1/8 watt and 0.05 at ½ watt.  When comparing the six carpet experiments to the six 
tileboard experiments, the carpet experiments with scattered occupants yielded a 0.03 
increase over the tileboard experiments and the carpet experiments with grouped 
occupants yielded a 0.06 increase over the tileboard experiments. 
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 During the carpet testing at 78 dBA, a diminishing return occurred in four 
experiments.  Using the 1/8-watt tap and increasing the number of speakers from four 
(middle) to eight to twelve resulted in a room intelligibility of 0.80, 0.78 and 0.80, 
respectively.  For this case, no measurable benefit was realized by using more than four 
speakers.   The ¼-watt, four- (corner and middle) speaker experiments returned a room 
intelligibility of 0.77 and 0.78, respectively.  The eight-speaker experiment produced a 
room intelligibility of 0.80, while the twelve speaker experiment produced a room 
intelligibility of 0.79.  Ignoring minor variations, providing more than eight speakers 
provides no additional intelligibility in the room.  The one-watt, four- (corner and 
middle) speaker experiments returned  a room intelligibility of 0.80 and 0.77, 
respectively.  The eight-speaker experiment generated an average of 0.80, while the 
twelve speaker experiment returned the same average.  The average did not increase with 
eight or twelve speakers, which indicates that no more than four (corner) speakers are 
necessary for intelligibility at this power tap.  The two-watt, two-speaker experiment 
produced an average of 0.77.  The four and twelve speaker experiments also yielded the 
same average (an eight speaker experiment was not conducted at this power tap setting).  
As the room intelligibility did not increase when more speakers were in use, the point of 
diminishing return for the two watt power tap setting is two speakers.  Overall, the best 
scenario for this room at an SPL of 78 dBA is four speakers at 1/8-watt tap.  No increase 
in room intelligibility was realized beyond this point. 
 During carpet testing at 61 dBA, the 1-watt, eight-speaker experiment generated a 
room intelligibility of 0.74, while the twelve-speaker experiment room intelligibility was 
0.73; at this power tap, the eight speaker scenario yielded the best intelligibility average. 
 Comparing the 1- and 2-watt experiments with carpet at 78 dBA, the results show 
that, at 2 watts, all averages either equal or are slightly lower than the 1-watt averages.  
For the two-speaker experiments, the 2-watt average drops by 0.01.  For the four (corner) 
speaker experiments, the 1- and 2-watt averages remain constant at 0.77.  For the twelve-
speaker experiments, the 2 watt average drops by 0.03.  With one or two wall speakers, 
the room intelligibility averages remain constant at 0.75 and 0.76 respectively.  
Therefore, for this particular room, the best power tap setting to maximize intelligibility 
is 1 watt.  When 1 watt is exceeded, intelligibility averages begin to drop.  
   51
4.2 Experimental Results by Number of Speakers 
The following four sections will break down the experimental results by the 
number of speakers in use during testing.  Each section displays a table with all 
experiments performed at that speaker number in ascending order of room intelligibility.  
The “failing” room intelligibility averages are shaded. 
 
4.2.1 Two-Speaker Experiments 
Thirty-two experiments were performed with two ceiling-mounted speakers and 
ten experiments were performed with two wall-mounted speakers (see Table 7).  Only 
two of the nineteen passing experiments had tileboard covering the floor.  Thirteen of the 
twenty-three failing experiments had tileboard covering the floor.  Nine of the twenty-
three failing experiments were performed using an 1/8-watt power tap setting.   Of the 
nineteen passing experiments, twelve had an SPL of 78 dBA, the maximum volume of 
the Talkbox.  All experiments with an SPL of 78 dBA generated a passing room 
intelligibility.  The twenty-three failing experiments used an SPL of 61 dBA.  
Additionally, all passing experiments that used an SPL of 61 dBA used a minimum 
power tap setting of ½ watt.  
All ten experiments with wall speakers had lower room intelligibility averages 
than those with an equal number of ceiling speakers.  Six experiments were conducted 
with occupants (refer to section 3.1.2 for experiment description).  One of the six 
experiments yielded a higher average than their unoccupied counterparts.  The ½-watt 
experiment with carpet and ten scattered occupants yielded a 0.03 increase over the 
unoccupied room.  Three experiments showed a decrease in room average when 
occupants were added; the 1/8-watt experiments with tileboard and twenty-two grouped 
and scattered occupants both returned a 0.02 decrease; and the ½-watt experiment with 
carpet and twenty-two scattered occupants also returned a 0.02 decrease.   The ½-watt 
experiments with tileboard and twenty-two scattered and grouped occupants returned a 
0.01 increase and decrease, respectively, over the unoccupied room.  This is a minimal 
change and within the error of the testing machine, so there is virtually no differentiation 
between the occupied and unoccupied rooms for these two experiments.  The sole passing 
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occupant experiment had ten scattered occupants present, while the five failing 
experiments had twenty-two occupants present, either scattered or grouped. 
Six Simplex method experiments were performed with two speakers.  In every 
case, the Simplex measurement method yielded higher room averages than the 
experimental method.  The average increase when using the Simplex method was 0.03.  




































































































1/8 Watt Wall 2 Tileboard Yes 61 10' x 10' 0 No 0.56 
1/8 Watt Wall 2 Carpet Yes 61 10' x 10' 0 No 0.60 
1/8 Watt Ceiling 2 Tileboard Yes 61 10' x 20' 22 (G) No 0.60 
1/8 Watt Ceiling 2 Tileboard Yes 61 10' x 20' 22 (S) No 0.60 
1/8 Watt Ceiling 2 Carpet No 61 10' x 10' 0 No 0.61 
1/8 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 No 0.62 
1/8 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 Yes 0.63 
1/8 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 No 0.64 
1/4 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 No 0.65 
1 Watt Wall 2 Tileboard Yes 61 10' x 10' 0 No 0.66 
1/2 Watt Ceiling 2 Tileboard Yes 61 10' x 20' 22 (G) No 0.67 
1/2 Watt Ceiling 2 Carpet Yes 61 10' x 20' 22 (S) No 0.67 
1 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 No 0.67 
1/8 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 Yes 0.68 
1/4 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 No 0.68 
2 Watt Wall 2 Tileboard Yes 61 10' x 10' 0 No 0.68 
2 Watt Wall 2 Carpet Yes 61 10' x 10' 0 No 0.68 
1/2 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 No 0.68 
1/2 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 No 0.69 
1/2 Watt ceiling 2 Carpet No 61 10' x 10' 0 No 0.69 
1 Watt Wall 2 Carpet Yes 61 10' x 10' 0 No 0.69 
1/2 Watt Ceiling 2 Tileboard Yes 61 10' x 20' 22 (S) No 0.69 
2 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 No 0.69 
1/2 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 Yes 0.71 
1 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 No 0.71 
1/2 Watt Ceiling 2 Carpet Yes 61 10' x 20' 10 (S) No 0.72 
2 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 No 0.72 
1/2 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 Yes 0.73 
2 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 Yes 0.75 
1/2 Watt Wall 2 Carpet Yes 78 5' x 5' 0 No 0.76 
2 Watt Wall 2 Carpet Yes 78 5' x 5' 0 No 0.76 
1/8 Watt Ceiling 2 Carpet Yes 78 5' x 5' 0 No 0.76 
1 Watt Wall 2 Carpet Yes 78 5' x 5' 0 No 0.76 
1/8 Watt Wall 2 Carpet Yes 78 5' x 5' 0 No 0.76 
1/4 Watt Ceiling 2 Carpet Yes 78 5' x 5' 0 No 0.76 
2 Watt Ceiling 2 Carpet Yes 78 5' x 5' 0 No 0.77 
1 Watt Ceiling 2 Carpet Yes 78 5' x 5' 0 No 0.78 
1/2 Watt Ceiling 2 Carpet Yes 78 5' x 5' 0 No 0.79 
2 Watt Ceiling 2 Carpet Yes 78 10' x 10' 0 No 0.79 
1/8 Watt Ceiling 2 Carpet Yes 78 10' x 10' 0 No 0.80 
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2 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 Yes 0.80 
1/2 Watt Ceiling 2 Carpet Yes 78 10' x 10' 0 No 0.80 
Table 11 –The results for the two-speaker experiments are shown.  Twenty-three experiments yielded 
failing averages while nineteen experiments yielded passing averages.  Six experiments were 
performed using the Simplex testing method.  Fifteen experiments were performed with tileboard 
covering the floor and, in two experiments, the room was unfurnished. 
 
4.2.2 Four-Speaker Experiments 
Thirty-one experiments were conducted with four speakers; the results are 
provided in Table 8, from lowest to highest room intelligibility.  All experiments that 
used an SPL of 78 dBA resulted in a passing room intelligibility, while all failing 
experiments used an SPL of 61 dBA (although not all 61 dBA experiments failed).  
Additionally, all ten failing experiments used a power tap setting of 1/8 watt. 
All six experiments with wall speakers returned either equal or lower room 
intelligibility averages than those with ceiling speakers.  Six experiments were performed 
with occupants present. One of the six experiments yielded higher averages than their 
unoccupied counterparts.  The 1/8-watt experiment with carpet and ten scattered 
occupants yielded a 0.03 increase over its unoccupied counterpart.  Two experiments 
showed a decrease in room average when occupants were added; the 1/8-watt experiment 
with tileboard and twenty-two grouped occupants returned a 0.12 decrease; and the 1/8-
watt experiment with carpet and twenty-two grouped occupants returned a 0.02 decease.   
Three experiments returned an increase or decrease within 0.01, which shows no 
discernable difference between the occupied and unoccupied rooms; the 1/8-watt 
experiment with tileboard and twenty-two scattered occupants; and the 1/8-watt 
experiments with carpet and twenty-two grouped and scattered occupants.  The sole 
passing occupant experiment had ten scattered occupants present, while four of the five 
failing experiments had twenty-two occupants present.  When tileboard covered the floor, 
the room intelligibility averages were always less than or equal to the room intelligibility 
averages recorded when carpet covered the floor. 
 



















































































1/8 Watt Ceiling 4 Tileboard Yes 61 10' x 20' 22 (G) No 0.52 
1/8 Watt Wall 4 Tileboard Yes 61 10' x 10' 0 No 0.62 
1/8 Watt Ceiling 4 Carpet No 61 10' x 10' 0 No 0.64 
1/8 Watt Ceiling 4 Tileboard Yes 61 10' x 10' 0 No 0.64 
1/8 Watt Ceiling 4 Tileboard Yes 61 10' x 20' 22 (S) No 0.65 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 20' 22 (G) No 0.65 
1/8 Watt Wall 4 Carpet Yes 61 10' x 10' 0 No 0.65 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 20' 10 (G) No 0.66 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 20' 22 (S) No 0.66 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 10' 0 No 0.67 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 20' 10 (S) No 0.70 
1/4 Watt Ceiling 4 Tileboard Yes 61 10' x 10' 0 No 0.70 
1 Watt Wall 4 Tileboard Yes 61 10' x 10' 0 No 0.71 
1 Watt Ceiling 4 Tileboard Yes 61 10' x 10' 0 No 0.72 
1 Watt Ceiling 4 Carpet Yes 61 10' x 10' 0 No 0.72 
2 Watt Wall 4 Tileboard Yes 61 10' x 10' 0 No 0.72 
1/2 Watt Ceiling 4 Carpet No 61 10' x 10' 0 No 0.72 
1/4 Watt Ceiling 4 Carpet Yes 61 10' x 10' 0 No 0.72 
1 Watt Wall 4 Carpet Yes 61 10' x 10' 0 No 0.72 
2 Watt Ceiling 4 Carpet Yes 61 10' x 10' 0 No 0.73 
2 Watt Ceiling 4 Tileboard Yes 61 10' x 10' 0 No 0.73 
1/2 Watt Ceiling 4 Tileboard Yes 61 10' x 10' 0 No 0.73 
2 Watt Wall 4 Carpet Yes 61 10' x 10' 0 No 0.73 
1/2 Watt Ceiling 4 Carpet Yes 61 10' x 10' 0 No 0.74 
1 Watt Ceiling 4  (middle) Carpet Yes 78 5' x 5' 0 No 0.77 
1/4 Watt Ceiling 4 Carpet Yes 78 5' x 5' 0 No 0.77 
1/8 Watt Ceiling 4 Carpet Yes 78 5' x 5' 0 No 0.77 
2 Watt Ceiling 4 Carpet Yes 78 5' x 5' 0 No 0.77 
1/4 Watt Ceiling 4  (middle) Carpet Yes 78 5' x 5' 0 No 0.78 
1/8 Watt Ceiling 4 (middle) Carpet Yes 78 5' x 5' 0 No 0.80 
1 Watt Ceiling 4 Carpet Yes 78 5' x 5' 0 No 0.80 
Table 12 – Provided above are the results for the four-speaker experiments.  Ten experiments yielded 
failing averages while twenty-one experiments yielded passing averages.  Six experiments were 
performed with occupants present and ten experiments were performed with tileboard covering the 
floor.  For two experiments, the room was unfurnished. 
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4.2.3 Eight-Speaker Experiments 
Ten experiments were conducted with eight speakers; see Table 9.  For this series, 
tileboard experiments never yielded a higher room intelligibility than those with carpet. 
The three experiments with an SPL of 78 dBA generated the highest room 
intelligibility averages in this testing scenario.  Both failing experiments used an SPL of 
61 dBA.  In the one experiment where furniture was removed for testing, the room 
yielded a failing CIS average.  The empty room averaged 0.01 lower than when the 
furniture was present, and that variable was the difference between a passing room 




















































































1/8 Watt Ceiling 8 Tileboard Yes 61 10' x 10' 0 No 0.68 
1/8 Watt Ceiling 8 Carpet No 61 10' x 10' 0 No 0.69 
1/8 Watt Ceiling 8 Carpet Yes 61 10' x 10' 0 No 0.70 
1 Watt Ceiling 8 Tileboard Yes 61 10' x 10' 0 No 0.72 
1 Watt Ceiling 8 Carpet Yes 61 10' x 10' 0 No 0.74 
2 Watt Ceiling 8 Tileboard Yes 61 10' x 10' 0 No 0.74 
2 Watt Ceiling 8 Carpet Yes 61 10' x 10' 0 No 0.74 
1/8 Watt Ceiling 8 Carpet Yes 78 5' x 5' 0 No 0.78 
1 Watt Ceiling 8 Carpet Yes 78 5' x 5' 0 No 0.80 
1/4 Watt Ceiling 8 Carpet Yes 78 5' x 5' 0 No 0.80 
Table 13 – The results for the eight-speaker experiments are shown.  Two experiments yielded failing 
averages while eight experiments yielded passing averages.  One experiment did not use furniture 
during testing and three experiments were performed with tileboard covering the floor. 
 
4.2.4 Twelve-Speaker Experiments 
Eleven experiments were conducted with twelve speakers; see Table 14.  
Tileboard at 1/8-watt power tap setting averaged 0.01 lower than the carpet experiment; at 
the 1-watt power tap setting, however, the tileboard exceeded the carpet average by 0.01.  
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These variations are within the error of the machine, so the results show little 
differentiation between the carpet and tileboard experiments. 
Unlike prior scenarios, with twelve speakers, the unfurnished room averaged 0.01 
higher than when furniture was present.  The three experiments with a power tap setting 
of 1/8 watt at an SPL of 61 dBA resulted in the lowest averages in this scenario, while the 




















































































1/8 Watt Ceiling 12 Tileboard Yes 61 10' x 10' 0 No 0.70 
1/8 Watt Ceiling 12 Carpet No 61 10' x 10' 0 No 0.71 
1/8 Watt Ceiling 12 Carpet Yes 61 10' x 10' 0 No 0.71 
1 Watt Ceiling 12 Carpet Yes 61 10' x 10' 0 No 0.73 
1 Watt Ceiling 12 Tileboard Yes 61 10' x 10' 0 No 0.74 
2 Watt Ceiling 12 Tileboard Yes 61 10' x 10' 0 No 0.75 
2 Watt Ceiling 12 Carpet Yes 61 10' x 10' 0 No 0.75 
2 Watt Ceiling 12 Carpet Yes 78 5' x 5' 0 No 0.77 
1/4 Watt Ceiling 12 Carpet Yes 78 5' x 5' 0 No 0.79 
1 Watt Ceiling 12 Carpet Yes 78 5' x 5' 0 No 0.80 
1/8 Watt Ceiling 12 Carpet Yes 78 5' x 5' 0 No 0.80 
Table 14 –The results for the twelve speaker experiments are displayed above.  All eleven 
experiments in this scenario yielded passing averages.  One experiment did not use furniture while 
testing and three experiments were performed with tileboard covering the floor. 
 
4.3 Experimental Results by Power Tap Setting 
The following five sections will break down the experimental results by the power 
tap setting of the speakers.  Each section displays a table with all experiments performed 
at that tap setting in ascending order of room intelligibility.  The “failing” room 
intelligibility averages are shaded. 
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4.3.1 Experiments with One-Eighth Watt Power Tap 
Thirty-four experiments were performed using an 1/8 watt power tap setting.  
Table 15 displays the 1/8 watt power tap experiments, from lowest to highest average.  
Only five of the twenty-six experiments that used an SPL of 61 dBA yielded a passing 
average.  All eight experiments with an SPL of 78 dBA passed.  All six experiments with 
wall speakers generated either equal or lower room intelligibility compared to those with 
ceiling speakers.  When the tileboard floor covering was used, the room averages never 
exceeded that of the experiments with carpet as the floor covering.   
The Simplex method experiments at 1/8 watt outscored the experimental 
measurement method in both experiments.  The Simplex testing method experiment with 
carpet exceeded its experimental testing method counterpart by 0.03.  The tileboard 
results for the Simplex and the experimental methods were nearly identical, with the 
Simplex method outscoring the experimental method by only 0.01. 
Eight occupant experiments were performed at 1/8-watt power tap setting.  Seven 
of the eight experiments yielded a lower average when occupants were present than when 
the room was unoccupied.  The only experiment to yield a passing average had ten 



























































































1/8 Watt Ceiling 4 Tileboard Yes 61 10' x 20' 22 (G) No 0.52 
1/8 Watt Wall 2 Tileboard Yes 61 10' x 10' 0 No 0.56 
1/8 Watt Wall 2 Carpet Yes 61 10' x 10' 0 No 0.60 
1/8 Watt Ceiling 2 Tileboard Yes 61 10' x 20' 22 (G) No 0.60 
1/8 Watt Ceiling 2 Tileboard Yes 61 10' x 20' 22 (S) No 0.60 
1/8 Watt Ceiling 2 Carpet No 61 10' x 10' 0 No 0.61 
1/8 Watt Wall 4 Tileboard Yes 61 10' x 10' 0 No 0.62 
1/8 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 No 0.62 
1/8 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 Yes 0.63 
1/8 Watt Ceiling 4 Carpet No 61 10' x 10' 0 No 0.64 
1/8 Watt Ceiling 4 Tileboard Yes 61 10' x 10' 0 No 0.64 
1/8 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 No 0.64 
1/8 Watt Ceiling 4 Tileboard Yes 61 10' x 20' 22 (S) No 0.65 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 20' 22 (G) No 0.65 
1/8 Watt Wall 4 Carpet Yes 61 10' x 10' 0 No 0.65 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 20' 10 (G) No 0.66 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 20' 22 (S) No 0.66 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 10' 0 No 0.67 
1/8 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 Yes 0.68 
1/8 Watt Ceiling 8 Tileboard Yes 61 10' x 10' 0 No 0.68 
1/8 Watt |Ceiling 8 Carpet No 61 10' x 10' 0 No 0.69 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 20' 10 (S) No 0.70 
1/8 Watt Ceiling 12 Tileboard Yes 61 10' x 10' 0 No 0.70 
1/8 Watt Ceiling 8 Carpet Yes 61 10' x 10' 0 No 0.70 
1/8 Watt Ceiling 12 Carpet No 61 10' x 10' 0 No 0.71 
1/8 Watt Ceiling 12 Carpet Yes 61 10' x 10' 0 No 0.71 
1/8 Watt Wall 1 Carpet Yes 78 5' x 5' 0 No 0.74 
1/8 Watt Ceiling 2 Carpet Yes 78 5' x 5' 0 No 0.76 
1/8 Watt Wall 2 Carpet Yes 78 5' x 5' 0 No 0.76 
1/8 Watt Ceiling 4 Carpet Yes 78 5' x 5' 0 No 0.77 
1/8 Watt Ceiling 8 Carpet Yes 78 5' x 5' 0 No 0.78 
1/8 Watt Ceiling 2 Carpet Yes 78 10' x 10' 0 No 0.80 
1/8 Watt Ceiling 4 (middle) Carpet Yes 78 5' x 5' 0 No 0.80 
1/8 Watt Ceiling 12 Carpet Yes 78 5' x 5' 0 No 0.80 
Table 15 – The results for the 1/8-watt power tap experiments are shown.  Twenty-one experiments 
yielded failing averages while thirteen yielded passing averages.  Two were conducted using the 
Simplex testing method and eight were conducted with occupants present.  Four experiments did not 
use furniture during testing and eleven were performed with tileboard covering the floor. 
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4.3.2 Experiments with One-Quarter Watt Power Tap 
Ten experiments were performed with ¼-watt power tap.  Table 16 displays the ¼ 
watt power tap experiments, from lowest to highest average.  The tileboard experiments 
again resulted in a lower room intelligibility than the carpet experiments. The four-
speaker experiment with carpet averaged 0.02 higher than the tileboard experiment and 
the two-speaker experiment with carpet averaged 0.03 higher than the tileboard 
experiment.  Both experiments that generated a failing room intelligibility used an SPL of 
61 dBA while the six experiments that used an SPL of 78 dBA produced the six highest 




















































































1/4 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 No 0.65
1/4 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 No 0.68
1/4 Watt Ceiling 4 Tileboard Yes 61 10' x 10' 0 No 0.70
1/4 Watt Ceiling 4 Carpet Yes 61 10' x 10' 0 No 0.72
1/4 Watt Wall 1 Carpet Yes 78 5' x 5' 0 No 0.75
1/4 Watt Ceiling 2 Carpet Yes 78 5' x 5' 0 No 0.76
1/4 Watt Ceiling 4 Carpet Yes 78 5' x 5' 0 No 0.77
1/4 Watt Ceiling 4  (middle) Carpet Yes 78 5' x 5' 0 No 0.78
1/4 Watt Ceiling 12 Carpet Yes 78 5' x 5' 0 No 0.79
1/4 Watt Ceiling 8 Carpet Yes 78 5' x 5' 0 No 0.80
Table 16 – The results for the ¼-watt power tap experiments are displayed above, two of which 
yielded failing and eight, passing, averages.  Two experiments were performed with tileboard 
covering the floor. 
 
4.3.3 Experiments with One-Half Watt Power Tap 
Sixteen experiments were performed using a ½-watt power tap setting.  Table 17 
displays the ½-watt power tap experiments, from lowest to highest average. 
  The Simplex experiment with carpet averaged 0.04 higher than the 
corresponding experimental method experiment, while that with tileboard averaged 0.03 
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higher than its counterpart.  It should be noted that, both times the Simplex method was 
used, the room passed, while the room failed when the experimental method was used.  
The experiment with wall speakers generated a 0.03 lower average than that with ceiling 
speakers.  
Four occupant experiments were performed at ½-watt power tap setting.  The 
two-speaker experiment with tileboard and twenty-two scattered occupants yielded a 0.01 
increase over its unoccupied counterpart, while the two-speaker experiment with 
tileboard and ten scattered occupants yielded a 0.03 increase over its counterpart.  The 
two-speaker experiment with tileboard and twenty-two grouped occupants, along with the 
two-speaker experiment with carpet and twenty-two scattered occupants both produced a 
room intelligibility of 0.67, which is a 0.01 decrease from its unoccupied counterpart.   
The experiment with ten scattered occupants was the only one to yield a passing average. 
All experiments that yielded failing averages used an SPL of 61 dBA and the four 
experiments that used an SPL of 78 dBA yielded the four top averages.  The two 
experiments without furniture averaged less than or equal to the averages when furniture 
was present.  The empty room averages never exceeded the furnished room averages.  
The experiments that used tileboard as the floor covering always generated a lower 


























































































1/2 Watt Ceiling 2 Tileboard Yes 61 10' x 20' 22 (G) No 0.67 
1/2 Watt Ceiling 2 Carpet Yes 61 10' x 20' 22 (S) No 0.67 
1/2 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 No 0.68 
1/2 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 No 0.69 
1/2 Watt Ceiling 2 Carpet No 61 10' x 10' 0 No 0.69 
1/2 Watt Ceiling 2 Tileboard Yes 61 10' x 20' 22 (S) No 0.69 
1/2 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 Yes 0.71 
1/2 Watt Ceiling 2 Carpet Yes 61 10' x 20' 10 (S) No 0.72 
1/2 Watt Ceiling 4 Carpet No 61 10' x 10' 0 No 0.72 
1/2 Watt Ceiling 4 Tileboard Yes 61 10' x 10' 0 No 0.73 
1/2 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 Yes 0.73 
1/2 Watt Ceiling 4 Carpet Yes 61 10' x 10' 0 No 0.74 
1/2 Watt Wall 2 Carpet Yes 78 5' x 5' 0 No 0.76 
1/2 Watt Wall 1 Carpet Yes 78 5' x 5' 0 No 0.76 
1/2 Watt Ceiling 2 Carpet Yes 78 5' x 5' 0 No 0.79 
1/2 Watt Ceiling 2 Carpet Yes 78 10' x 10' 0 No 0.80 
Table 17 – The results for the ½-watt power tap experiments are shown above.  Six experiments 
yielded failing and eleven, passing, averages.  Two experiments used the Simplex testing method and 
four had occupants present during testing.  Two experiments did not use furniture during testing and 
five were performed with tileboard covering the floor. 
 
4.3.4 Experiments with One Watt Power Tap 
Nineteen experiments were conducted with a 1-watt power tap setting.  Table 18 
displays the 1-watt power tap experiments, from lowest to highest average.  Of the six 
tileboard experiments, five yielded lower averages than the carpet experiments.  All six 
experiments with wall speakers produced either equal or lower averages than with ceiling 
speakers.  The seven experiments with an SPL of 78 dBA generated the seven highest 
averages in this set of experiments.  The three failing experiments used an SPL of 61 
dBA. Of those 3 experiments, 2 used tileboard.   



















































































1 Watt Wall 2 Tileboard Yes 61 10' x 10' 0 No 0.66 
1 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 No 0.67 
1 Watt Wall 2 Carpet Yes 61 10' x 10' 0 No 0.69 
1 Watt Wall 4 Tileboard Yes 61 10' x 10' 0 No 0.71 
1 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 No 0.71 
1 Watt Ceiling 8 Tileboard Yes 61 10' x 10' 0 No 0.72 
1 Watt Ceiling 4 Tileboard Yes 61 10' x 10' 0 No 0.72 
1 Watt Ceiling 4 Carpet Yes 61 10' x 10' 0 No 0.72 
1 Watt Wall 4 Carpet Yes 61 10' x 10' 0 No 0.72 
1 Watt Ceiling 12 Carpet Yes 61 10' x 10' 0 No 0.73 
1 Watt Ceiling 8 Carpet Yes 61 10' x 10' 0 No 0.74 
1 Watt Ceiling 12 Tileboard Yes 61 10' x 10' 0 No 0.74 
1 Watt Wall 1 Carpet Yes 78 5' x 5' 0 No 0.75 
1 Watt Wall 2 Carpet Yes 78 5' x 5' 0 No 0.76 
1 Watt Ceiling 4 Carpet Yes 78 5' x 5' 0 No 0.77 
1 Watt Ceiling 2 Carpet Yes 78 5' x 5' 0 No 0.78 
1 Watt Ceiling 12 Carpet Yes 78 5' x 5' 0 No 0.80 
1 Watt Ceiling 8 Carpet Yes 78 5' x 5' 0 No 0.80 
1 Watt Ceiling 4  (corners) Carpet Yes 78 5' x 5' 0 No 0.80 
Table 18 –The results for the 1-watt power tap experiments are shown above.  Three experiments 
yielded failing averages while sixteen passing averages.  Six experiments were performed with 
tileboard covering the floor. 
 
4.3.5 Experiments with Two Watt Power Tap 
Nineteen experiments were conducted with a 2-watt power tap setting.  Table 19 
displays the 2-watt power tap experiments, from lowest to highest average. The Simplex 
experiment with twelve speakers and carpet averaged 0.08 higher than its experimental 
method counterpart, and the two-speaker experiment with tileboard averaged 0.03 higher 
than its experimental method counterpart.  The Simplex experiment with two-speakers 
and carpet yielded the highest average of all 2-watt experiments with a room 
intelligibility of 0.80.  All six experiments involving wall speakers produced either equal 
or lower averages than when ceiling speakers were used.  The tileboard experiment 
averages never exceeded the averages of the carpet experiments.  The three experiments 
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that failed had an SPL of 61 dBA, while the 78 dBA experiments all averaged near the 




















































































2 Watt Wall 2 Tileboard Yes 61 10' x 10' 0 No 0.68 
2 Watt Wall 2 Carpet Yes 61 10' x 10' 0 No 0.68 
2 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 No 0.69 
2 Watt Wall 4 Tileboard Yes 61 10' x 10' 0 No 0.72 
2 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 No 0.72 
2 Watt Ceiling 4 Carpet Yes 61 10' x 10' 0 No 0.73 
2 Watt Ceiling 4 Tileboard Yes 61 10' x 10' 0 No 0.73 
2 Watt Wall 4 Carpet Yes 61 10' x 10' 0 No 0.73 
2 Watt Ceiling 8 Tileboard Yes 61 10' x 10' 0 No 0.74 
2 Watt Ceiling 8 Carpet Yes 61 10' x 10' 0 No 0.74 
2 Watt Ceiling 12 Tileboard Yes 61 10' x 10' 0 No 0.75 
2 Watt Wall 1 Carpet Yes 78 5' x 5' 0 No 0.75 
2 Watt Ceiling 12 Carpet Yes 61 10' x 10' 0 No 0.75 
2 Watt Ceiling 2 Tileboard Yes 61 10' x 10' 0 Yes 0.75 
2 Watt Wall 2 Carpet Yes 78 5' x 5' 0 No 0.76 
2 Watt Ceiling 2 Carpet Yes 78 5' x 5' 0 No 0.77 
2 Watt Ceiling 12 Carpet Yes 78 5' x 5' 0 No 0.77 
2 Watt Ceiling 4  (corners) Carpet Yes 78 5' x 5' 0 No 0.77 
2 Watt Ceiling 2 Carpet Yes 78 10' x 10' 0 No 0.79 
2 Watt Ceiling 2 Carpet Yes 61 10' x 10' 0 Yes 0.80 
Table 19 - The results for the 2-watt power tap setting are shown above.  Three experiments yielded 
failing averages while seventeen experiments yielded passing averages.  Two experiments used the 
Simplex testing method and seven experiments were performed with tileboard covering the floor. 
 
4.4 Occupied Room Experiments 
Twelve experiments were conducted with ten or twenty-two passive, seated 
occupants in the room, either grouped or scattered.  Table 20 displays the data from the 
occupied room experiments, from lowest to highest average.  The three ten-occupant 
experiments averaged better than their twenty-two occupant counterparts.  The 1/8-watt 
power tap setting experiments generally yielded the lowest averages.  The tileboard 
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experiments are also generally grouped at the lower end of the averages.  The only 
tileboard experiment with a relatively high room intelligibility had a power tap setting of 
½ watt, rather than 1/8 watt.  Four of the six tileboard experiments had the lowest room 
intelligibility averages in this series. 
With twenty-two occupants, the ½-watt power tap experiments generated higher 
room intelligibility averages than those with a 1/8-watt power tap.  When the occupants 
were scattered, the room intelligibility was always equal to or higher than when the 
occupants were grouped together: twenty-two scattered occupants at 1/8-watt power tap 
with carpet generated a room intelligibility of 0.66 while the grouped occupants yielded 
0.65; ten scattered occupants at 1/8-watt power tap and carpet generated a room 
intelligibility of 0.70 while the grouped occupants yielded 0.66; twenty-two scattered and 
grouped occupants at 1/8-watt power tap and two speakers with tileboard generated the 
same room intelligibility of 0.60; twenty-two scattered occupants at 1/8-watt power tap 
with four speakers and tileboard generated a room intelligibility of 0.65 while the 
grouped occupants yielded 0.52; twenty-two scattered occupants at ½-watt power tap and 
tileboard generated a room intelligibility of 0.69 while the grouped occupants yielded 
0.67.  For two speakers at 1/8-watt power tap with tileboard and twenty-two occupants, 
the results for both experiments were the same with a room intelligibility of 0.60.  For 
four speakers at 1/8-watt power tap with tileboard, the twenty-two scattered occupant 
experiments resulted in a room intelligibility of 0.65 while the grouped occupants 
resulted in a room intelligibility of 0.52.  At 1/8-watt power tap with carpet and four 
speakers, the twenty-two scattered occupant experiment yielded a room intelligibility of 
0.66, while the grouped occupant experiment yielded 0.65, which is within the margin of 
error.  At 1/8-watt power tap with carpet and four speakers, the ten scattered occupant 
experiment generated a room intelligibility of 0.70, while the grouped experiment 
generated a room intelligibility of 0.66.  At ½-watt with tileboard and two speakers, the 
twenty-two scattered occupants yielded a room intelligibility of 0.69 while the grouped 
occupants yielded a 0.67.  The carpet experiments at the 1/8 watt power tap setting 
resulted in a higher room intelligibility than tileboard.  The ½-watt experiment with four 
speakers and carpet averaged 0.01 higher than the corresponding tileboard experiment 
   66
and the 1/8-watt experiment with four speakers and carpet averaged 0.13 higher than the 
corresponding tileboard experiment. 
When ten occupants were present, the two, 1/8-watt experiments averaged lower 
than the similar ½-watt experiments. As in the experiments with twenty-two occupants, 
those with ten scattered occupants outscored the ten grouped occupant experiment by 
0.04.  Only one of three experiments failed when ten occupants were present, unlike the 




















































































1/8 Watt Ceiling 4 Tileboard Yes 61 10' x 20' 22 (G) No 0.52 
1/8 Watt Ceiling 2 Tileboard Yes 61 10' x 20' 22 (G) No 0.60 
1/8 Watt Ceiling 2 Tileboard Yes 61 10' x 20' 22 (S) No 0.60 
1/8 Watt Ceiling 4 Tileboard Yes 61 10' x 20' 22 (S) No 0.65 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 20' 22 (G) No 0.65 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 20' 10 (G) No 0.66 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 20' 22 (S) No 0.66 
1/2 Watt Ceiling 2 Tileboard Yes 61 10' x 20' 22 (G) No 0.67 
1/2 Watt Ceiling 2 Carpet Yes 61 10' x 20' 22 (S) No 0.67 
1/2 Watt Ceiling 2 Tileboard Yes 61 10' x 20' 22 (S) No 0.69 
1/8 Watt Ceiling 4 Carpet Yes 61 10' x 20' 10 (S) No 0.70 
1/2 Watt Ceiling 2 Carpet Yes 61 10' x 20' 10 (S) No 0.72 
Table 20 – The results for the occupied room experiments are provided above.  Ten experiments 
yielded failing averages while two experiments yielded passing averages.  Six experiments were 
performed with tileboard covering the floor.  Half of the experiments in this set used two-speakers 
and the other half used four-speakers. 
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5.0 Comparison with Prior Speech Intelligibility Studies  
In recent years, many speech intelligibility case studies, specifically in 
classrooms, have been performed due to increasing concern about how poor speech 
intelligibility affects a student’s ability to learn [34].  Though the effect of speech 
intelligibility on learning is not the focus of this study, many of the architectural and 
acoustical recommendations that were made to improve speech intelligibility for learning 
purposes can be applied to improve the speech intelligibility of voice alarm 
communication systems.  In many cases, the architectural changes that are implemented 
for learning purposes will automatically improve the speech intelligibility of the voice 
alarm communication system, if one is in place.  The following sections will compare the 
findings of various case studies to the findings of this study. 
 
5.1 Floor and Ceiling Characteristics 
During this study, experiments were performed using both acoustically reflective 
material as well as acoustically absorbent material for the floor covering.  Tileboard was 
used to simulate the effect of tile or linoleum, or any floor surface that would reflect 
sound waves while carpeting was used to absorb sound. 
For this study, tileboard results were compared to those of carpet.  The former 
generated lower room intelligibility averages than the latter; therefore, the findings of this 
study coincide with the results of the case studies by The University of Kansas, The 
American Speech-Language-Hearing Association and Armstrong, outlined in section 2.3.  
Using carpet rather than a hard surface floor should improve the acoustics and speech 
intelligibility of the room.    
5.2 Furniture Presence and Placement 
In this study, most of the experiments were performed in a furnished room.  Six 
experiments, however, were conducted with the chairs and desks removed to determine 
the effect of furniture on the room intelligibility. 
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In the University of Kansas study discussed in section 2.3, wall acoustics were 
also examined.  Although the carpet and ceiling tiles helped absorb sound on the floor 
and ceiling, the wall echoing was not controlled.  The team believed that wall echoes 
could be reduced if the furniture was properly arranged in the room.  Proper furniture 
arrangement could break up vast walls, which reduces the area on which sound can be 
reflected. 
Resource Systems Group, Inc. [35], an energy and environmental consultant, 
studied floor/ceiling sound transmission in a private residence.  The group determined 
that the proper placement of home furnishings could increase the sound absorption and 
reduce the reverberation of the space. 
For this study, the furnished room yielded a higher speech intelligibility average 
than the unfurnished case.  Therefore, these three studies all determined that having 
furniture present improved the acoustics and speech intelligibility of these rooms. 
5.3 Speaker Distribution 
This study explored several different speaker arrangements, which affected the 
overall intelligibility average of the room, as well as the intelligibility measurements in 
specific locations.  The four graphs below, for speech intelligibility measurements at 61 
dBA and 1/8-watt power tap, illustrate how speaker placement affects intelligibility at 
different locations.  Although these graphs are not identical for all experiments at the 
specified number of speakers, they are representative of most experiments. 
Directivity, commonly referred to as dispersion or beam width in technical 
specifications, describes the projection of sound waves from a sound source [36], in this 
case the Wheelock E-series speaker/strobes.  Directivity is similar to the angle of light 
given off by a flashlight.  It can either be focused, as is the case with a laser beam, or 
broad as with spotlights [36].  The dispersion of sound waves from speakers works in a 
comparable fashion to that of light.  Dispersion is measured in degrees from the speaker’s 
midpoint for both the horizontal and vertical directions.  There are two measurement 
scenarios; on-axis which measures the direct sound from the speaker within the focused 
sound waves and the off-axis measurement which is the indirect sound taken outside of 
the focused area where sound reflections and reverberations come into play [37].  The 
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dispersion of a speaker depends on the manufacturer; higher end professional-grade 
speakers can have a significantly greater angle of dispersion than economy-grade 
speakers.  The dispersion angle and location of the speakers may be a contributing factor 
to the room intelligibility as seen in the following figures. 
Figure 23 displays the two speaker scenario at 1/8-watt power tap.  The speakers in 
this case are located at 9’ from the front and back walls in the center of the room.  The 
readings at the ends of the room are very close to the speakers, and the averages reflect 
their proximity.  In the center of the room where no speakers are present, the average 
drops drastically. (Note: the averages at each point on these graphs are the arithmetic 
mean of all measurements taken in that row.  They are not the arithmetic mean minus the 
standard deviation of all measurements in the room, which is the room intelligibility.) 
 
Figure 23 – The CIS averages for the two speaker scenario are displayed above.  The two speakers 
are located in the ceiling along the central axis, 9’ and 51’ from the front wall.   On the ends near the 
speakers, the CIS average is much higher than in the middle of the room where no speakers are 
present. 
 
Figure 24 displays the four speaker scenario at 1/8-watt power tap.  The speakers 
in this case are located at 9’ from the front and back walls in the, one in each corner of 
the room.  The readings at the ends of the room are again very close to the speakers, and 
the averages are higher at the ends.  The average in the middle of the room still drops, but 
not as dramatically as in the two-speaker case, owing to the two extra speakers operating.  
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Figure 24 – The CIS averages for the four speaker scenario are displayed above.  Two speakers are 
located at 9’ and two speakers are located at 51’.  There is one speaker in each corner of the room.  
Since the speakers are still located at the ends of the room, there is still a drop in the room 
intelligibility average in the middle of the room. 
 
Figure 25 displays the eight speaker scenario at 1/8-watt power tap.  Four speakers 
are located on each side of the room.  The speaker distribution is even throughout the 
room in this scenario, so the drop in the middle of the room, as seen in the two and four 
speaker scenarios, is not present. 
 
Figure 25 – The CIS averages for the eight speaker scenario are displayed above.  There are four 
speakers located along the perimeter of the room: two at 9’, two at 23’, two at 37’ and two at 51’.  
The distribution is much more even in this scenario, and the drop in the middle of the room is 
eliminated.   
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Figure 26 displays the twelve speaker scenario at 1/8-watt power tap.  The 
speakers in this case are located in three rows at the same spacing as the eight speaker 
scenario.   This case displays the most even distribution of speakers, and it is reflected in 
the averages.   
  
 
Figure 26 – The CIS averages for the twelve speaker scenario are shown.  There are four speakers in 
the same spacing as the eight speaker scenario, located in three rows.  This scenario depicts the most 
even distribution of speakers and the average is extremely even throughout the room. 
 
 From looking at these four graphs, it is evident that the distribution of speakers 
impacts the intelligibility at various locations throughout the room.  For the two-speaker 
scenario, the intelligibility at the center of the room is significantly less than that near the 
speakers; therefore occupants in the center of the room may not understand the message 
as well as those at the ends of the room.  In the four-speaker scenario, the decrease in 
intelligibility is less pronounced.  When eight and twelve speakers are tested, the 
intelligibility is fairly uniform because there is more output, as well as more evenly 
distributed speakers. 
The summer 2003 edition of NEC Digest [38] discussed the proper design of the 
voice alarm communication system, in which a crucial component to an intelligible 
system is adequate speaker coverage.  Designers, in an effort to reduce cost, may 
decrease the number of speakers while increasing the power output at each speaker; a 
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standard practice for notification systems that increase audibility, but can decrease 
intelligibility. 
The results from this study support the article published in NEC digest.  
Depending on the size of the room, speaker distribution may play a major role in the 
overall intelligibility of the space.  Because the test room is relatively small, speaker 
distribution is not as detrimental to the overall intelligibility as it may be in larger rooms.  
It is still clear, however, that speech intelligibility is affected when speakers are not well-
distributed. 
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6.0 Conclusions 
This study investigates the effects of system and room characteristics, and 
occupant number and location, on the overall intelligibility of a room.  Most testing is 
conducted when the building is empty and uninhabited.  There is little information on the 
impact of furniture, carpeting, wall hangings and people on intelligibility of an 
emergency voice communication system.  As this study shows, substantial changes in the 
average speech intelligibility score in a room can result from different finishes and 
furnishings.  In some cases, the difference between a passing and failing room 
intelligibility may be the number of speakers or occupants.  This may have a substantial 
impact on how the building is designed, and whether the building should be tested before 
or after occupancy. 
This study conducted speech intelligibility testing in a fire alarm classroom using 
a quantitative testing method.  Ninety-nine experiments were performed: thirty-one at a 
sound pressure level (SPL) of 78 dBA and sixty-eight at an SPL of 61 dBA.  The 
Goldline DSP-30 intelligibility meter and STICis Talkbox were used to take the 
measurements and project the signal.  All results were recorded in terms of the Common 
Intelligibility Scale (CIS), outlined in section 2.6.  Eight variables were examined during 
testing: speaker quantity and location, speaker power tap, sound pressure level (SPL), 
number and location of occupants, presence of furniture, location of intelligibility 
measurements, data collection method, and floor covering.  The details of the testing 
methodology can be found in Chapter 3. 
6.1 Sound Pressure Level  
This study shows that the sound pressure level (SPL) at which messages are 
provided has the most significant effect on the intelligibility of all variables investigated.  
Experiments at 78 dBA returned higher room intelligibility averages than those at 
61dBA; some changes were in excess of 0.10.  When the input volume at the Talkbox 
was set at 78dBA, no experiment yielded a room intelligibility average lower than 0.70.  
This success may be attributed to the size of the room and the room finishes, as the room 
is small and the floor and ceiling are covered with sound absorbing materials, such that 
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echoes and reverberation are minimal.  When the Talkbox volume was 61 dBA, 78% of 
the 1/8-watt experiments, 50% of the ¼-watt experiments, 38% of the ½-watt 
experiments, 25% of the 1-watt experiments and 21% of 2-watt experiments (excluding 
the occupant experiments) returned a failing room intelligibility.  Therefore, the 78dBA 
volume appears to be beneficial rather than detrimental.  
 
6.2 Testing Method 
Measurements taken while facing the nearest speaker at each location yielded a 
higher room intelligibility than those that averaged directional effects of the 
measurements.  The study shows that the latter, experimental testing method is more 
conservative.  The six Simplex method experiments averaged 0.72 as opposed to the 
experimental method which returned an average of 0.67, a difference of 0.05.  The first 
method, detailed in section 3.1.2, requires that the intelligibility meter be facing the 
closest speaker, which may require listeners to be facing the speaker to hear the same 
degree of intelligibility.  In the experimental testing method, the listener could be facing 
any direction and achieve a similar degree of intelligibility.  The consistent increase in 
room intelligibility averages implies that the experimental testing method may better 
characterize the room. 
 
6.3 Floor Finish 
Experiments were conducted with either a carpeted floor or one covered with 
tileboard.  When tileboard was tested, 50% of the experiments returned a failing room 
intelligibility average, whereas only 36% of the carpet tests returned a failing room 
intelligibility average.  For the 1/8- , ¼-, and ½-watt experiments, the carpet experiments 
always generated a higher room intelligibility than the tileboard experiments.  For the 1-
watt experiments, the four-speaker scenario yielded the same room intelligibility of 0.72 
in both cases; in the twelve speaker scenario, the tileboard experiment returned a higher 
room intelligibility of 0.74, as opposed to the carpet experiment at 0.73.  For the 2-watt 
experiments, the results essentially mirrored each other for both the carpet and tileboard 
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scenarios; the only two scenarios that differed were the two ceiling speakers (a difference 
of 0.03) and four wall speakers (a difference of 0.01).  The tileboard was intended to 
approximate the acoustic properties of harder surfaces such as tile or linoleum.  It could 
be assumed that in an actual testing situation, the building could be tested before any 
carpet was installed, and the intelligibility average would increase when the carpet was in 
place.  This is important because buildings may be tested before the floors are finished.  
If the room is not intelligible with an unfinished floor, the addition of carpet may increase 
the room intelligibility sufficiently for the room to pass.   
 
6.4 Furniture 
In the experiments where the furniture was removed from the room, the room 
average decreased in four of the six experiments.  In the remaining two experiments, the 
average remained the same.  The room intelligibility in the empty room never exceeded 
that of the furnished room.  The standard deviation of the measurements was identical in 
all cases for the furnished and unfurnished rooms with the exception of 1/8-watt with 2 
speakers; the standard deviation for the unfurnished room was 0.01 less than that of the 
furnished room.  The average decrease when the furniture was removed was 0.02.  Only a 
limited number of tests were performed in an unfurnished room, so it is possible that, in 
an actual testing situation, furniture may affect the room intelligibility when furniture is 
added.  However, additional work is necessary to draw general conclusions. 
 
6.5 Occupants 
A limited number of tests were performed with ten or twenty-two occupants, 
either grouped in the center of the room or scattered throughout.  Nine of the twelve 
occupant experiments yielded a failing average.  In 67% of the occupant experiments, the 
room intelligibility with occupants present was lower than the room intelligibility without 
occupants; the difference was as much as 0.13, in the 1/8-watt, 4- speaker experiment with 
twenty-two grouped occupants. When the room was carpeted, the averages were higher; 
the carpet experiments averaged 0.66 and the tileboard experiments averaged 0.62.  This 
result followed the same trend as the carpet and tileboard results for the unoccupied 
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experiments.   When occupants were grouped in the center of the room, the average was 
lower than when the occupants were scattered throughout the room; for the carpet 
experiments, the grouped average was 0.66 while the scattered average was 0.68; for the 
tileboard experiments, the grouped average was 0.60 while the scattered average was 
0.65.  When looking as specific measurement locations, the measurements at 25’ and 35’ 
in the center of the room negatively affect the overall intelligibility of the room, 
especially in the grouped occupant experiments.  Conducting experiments with grouped 
occupants is more conservative than testing with scattered occupants.  As the population 
of the room increases from zero to ten to twenty-two occupants, the room intelligibility 
averages decrease.  The study shows that the room intelligibility and population are 
inversely related.   
 
6.6 Diminishing Returns 
This study indicates that, in certain room conditions, there is an optimal number 
of speakers for a given power level.  The details of the diminishing return experiments 
can be found in section 4.1.  During the78 dBA carpet testing, a point of diminishing 
return was found in four experiments: 1/8 watt with four (middle) speakers in use, ¼ watt 
with eight speakers in use, one watt with eight speakers in use and two watts with two 
speakers in use.  During the 61 dBA carpet testing, similar results were found at 1 watt 
with eight speakers in use.  Using more than these speakers at the given power tap did not 
increase the room intelligibility and, in some cases, cause the room intelligibility to 
decrease.  In an actual installation, it is important that the designer specify the proper 
power tap and number of speakers for the space; adding extra speakers or increasing the 
power tap to “over protect” the room may actually have the opposite effect.   
 
6.7 Speaker Distribution 
This study shows that speaker distribution affects the overall intelligibility of the 
room.  Although speaker directivity was not expressly examined, it may also contribute 
to the intelligibility of the room.  When speakers are not evenly distributed, the areas 
without speakers will be negatively affected, as seen in Figures 22 through 25 in section 
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5.3.  Although the overall room intelligibility may pass, sections of the room may lack 
the intelligibility to clearly convey an emergency message; therefore, occupants may 
have to travel to a different area of the room to be able to comprehend the message that is 
being projected.  To avoid drastic drops in areas where speakers are not present, it may be 
beneficial from an intelligibility standpoint to install more speakers at a lower power tap, 
so that most areas of the room are covered.   
 
6.8 Cumulative Results 
When looking at experiments in which two variables were changed 
simultaneously, it is important to note that the results of the individual variable 
experiments are not cumulative as might be expected.  If the tester were to change one 
variable and obtain a CIS average, and then change another variable and obtain a CIS 
average, those two averages cannot be combined to obtain the CIS average of the two 
simultaneously changed variables.  When looking for results in which 2 or more variables 
are changed at once, that specific experiment must be run to obtain the true CIS average 
for that scenario.  There is no immediately discernable relationship between the 
individual variables.   
 
6.9 Summary 
This study focused on eight variables that affect the speech intelligibility of a 
voice alarm communication system: speaker quantity and location, speaker power tap, 
sound pressure level (SPL), number and location of occupants, presence of furniture, 
location of intelligibility measurements, data collection method, and floor covering.  Due 
to time constraints, the study only looked briefly at the number and location of occupants 
(twelve experiments) and the presence of furniture (six experiments).  A quantitative 
testing method was used in this research, so the effects of talkers and listeners, which are 
used in subject-based testing methods, were not studied.  This research also did not 
examine the effects of electro-acoustical components of a voice alarm communication 
system.   
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Based on the limited number of experiments that were performed, this study has 
shown that, in this test classroom, the higher sound pressure level presented as an input to 
the microphone resulted in increased room intelligibility averages.  The 78 dBA signal 
increased the room intelligibility by up to 0.16, which is a staggering improvement 
considering that most other variables affected the room intelligibility by approximately 
0.02 to 0.04.  When using different testing methods, the results displayed that the 
experimental testing method is the more conservative of the two methods.  The Simplex 
method generally returned a higher room intelligibility than the experimental method.  
Therefore, the experimental method may better characterize the room.  The tileboard and 
carpet testing illustrate that, in this room, a carpeted floor returned better room 
intelligibility averages than the tileboard.  If the room is returning a failing room 
intelligibility before carpet is installed, the addition of carpet may increase the room 
intelligibility sufficiently for the room to pass.  When furniture was removed from the 
room, the room intelligibility generally decreased.  With the limited amount of 
experiments performed without furniture, it is possible that the addition of furniture may 
affect the room intelligibility.  When occupants were added to the room, the scattered 
occupant experiments yielded higher room intelligibility averages than the grouped 
occupant experiments.  The occupant experiments with carpet also returned higher 
intelligibility averages than the occupant experiments with tileboard.  In general, 
however, the room intelligibility decreased with the addition of occupants.  When 
companies are testing the intelligibility of their system, they may want to wait until the 
rooms are finished and furnished before testing is conducted.  This study shows that floor 
finish, furniture and occupants all have some type of affect on the intelligibility of a 
space.  The results illustrate that in the room conditions present, there is an optimal 
number of speakers at a given power level.  The speaker distribution can have a deep 
effect on the overall intelligibility of the room.  If the speakers are not evenly distributed, 
sections of the room may lack the intelligibility necessary for the occupants to 
comprehend the message.  Although the overall room intelligibility may pass, sections of 
the room may return failing averages.      
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6.10 Future Work 
A wide variety of variables were examined in this study; therefore, all variables 
were analyzed on a broad scale.  Future testing is needed, based on the specific aspects 
presented in this study.  Two floor finishes were investigated in this study; other floor 
surfaces such as marble, hard wood, tile and different carpet thicknesses could be looked 
at.  Fire alarm speakers were tested in this study; the quality, dynamic range and 
directivity effects should be examined in future studies.  Of similar importance is the 
voice evacuation control panel where the preamplifier, amplifier, and other panel 
characteristics could be examined.  This project conducted experiments in a standard 
classroom; future work should include lecture halls and auditoria, where reverberation, 
noise and echoes may play a larger role in the quality of speech intelligibility.  Additional 
testing should be conducted using a variety of population densities at different age levels, 
such as college assemblies, nursing homes and office buildings.  Finally, the effects of 
various furniture packages on the intelligibility in the room should be studied.    
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8.0 Appendix A: Specification Sheets 
 
 
Figure 27 – E70 wall and E90 ceiling speaker/strobe specification sheet [39] 
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Figure 28 – Signal Communications Corporation DVS-50 Voice Evacuation Control Panel 
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Goldline STICis Talkbox  
•  Portable STI-PA Test Tone 
Generator.  
•  Generates Test Tones for Speech 
Intelligibility and Privacy 
Measurements.  
•  Test Tones developed by TNO 
Human factors.  
•  Use With DSP30 and DSP2 series 
analyzers with Intelligibility 
OPTSTICistm and Privacy OPT PI.  
SPECIFICATIONS 
CD Test Tones: 
•  60 minutes of STI-PA Continuous and Intermittent.
Inputs: 
•  Speaker Input: Unbalanced ¼" phone jack. 
Outputs: 
•  Line Level: Unbalanced, ¼" phone jack. 1Vp-p. 
Accuracy: 
•  typically ± 0.02 STI. 
Function Controls: 
•  On/Off Switch. 
•  Volume Control. 
Power Requirements: 
•  Batteries: Eight "AA" alkaline or nicad 
•  External: 12Vdc @ 500mA via 2.1mm jack 
Approvals: -  
•  Emissions: - EN 55022 B - FCC Class B 
•  Immunity: - EN 55024 B 
Size (L x W x H); Weight: 
•  18" x 13" x 7"; 10 lbs. 
Case Material: 
•  Reinforced Aluminum. 
Figure 29 – Goldline STICis Talkbox specification sheet [41, 10] 
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Goldline DSP30 Meter  
 
•  Portable 30 channel digital 1/3 Octave 
Analyzer.  
•  DSP30/30B/30BP microphone 
measurement range is 27dB to 125dB.  
•  DSP30A microphone measurement 
range is 65dB to 160dB.  
•  Captures full 85dB window with scales 
from ¼ to 5dB.  
•  Filters exceed ANSI specs.  





•  Microphone input: DSP30/30B/30BP: 27dB to 125dB SPL / DSP30A: 65dB to 160dB 
•  Line input: -88dBu to +14dBu (.031mV to 3.88V rms) 
•  Measurement window: 85dB 
Inputs: 
•  Microphone: Balanced, XLR 3 pin receptacle 
•  Line: Unbalanced ¼" phone jack. 15k ohm impedance. 
Outputs: 
•  None (standard) 
•  Printer port: DB25F (optional) 
•  RS232 port: DB25M (optional), Standard on DSP30B/BP 
Center Frequencies: 
•  ISO 1/3 octave between 25Hz - 20kHz. 
Center Frequency Accuracy: 
•  typically ±1%. 
Relative Flatness Channel to Channel: 
•  1/4dB. 
Displays: 
•  Audio Spectrum, 30 channel, 10 LEDs per channel, all channels scalable in ¼, ½, 1, 2, 
3, 4, or 5dB SPL. 
•  SPL & Reference readings are 3 digit via 7 segment LED readout. 
Filters: 
•  ANSI standard (triple tuned) & sharper than standard for notching applications. 
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Weighting: 
•  IEC A, C, Flat or USER defined. 
Decay Rate: 
•  Fast = 34.7dB/s, Medium = 8.7dB/s, Slow = 4.3dB/s 
Function Control: 
•  16 button keypad. 
Power Requirements: 
•  Batteries: Eight "AA" alkaline or nicad..External: 12Vdc @ 500mA via 2.1mm jack 
Approvals: -  
•  Emissions: - EN 55022 B - FCC Class B 
•  Immunity: - EN 55024 B 
Size (W x H x D); Weight: 
•  10" x 10 ¼" x 2 ½"; 2 lbs. 
Case Material: 
•  High Impact ABS. 
Figure 30 – Goldline DSP-30 Intelligibility Meter specification sheet [42, 10] 
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9.0 Appendix B: Experimental Measurements 
Appendix B contains the ninety-nine experiments that were performed for this 
study.    In a typical table, the variables that were tested are listed at the top of the table.  
The measurement locations are referenced by a reading number in the left most column 
and the coordinates of these measurements are listed in the X and Y columns of the table 
(the X coordinate runs along the length of the room while the Y coordinate runs along the 
width of the room).  The four measurements that were taken at each location are listed 
under the column for the wall that was faced for the measurement (front, right, back and 
left).  The average for each point is located in the right most column.  Under each table, 
the room mean is given, along with the maximum and minimum measurements in the 
room.  The standard deviation is also computed.  The room intelligibility is determined 
by subtracting the standard deviation from the mean.  A room intelligibility of 0.70 or 
above is considered passing, while a room intelligibility of 0.69 or lower is considered 
failing. 
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9.1 Carpet Experiments at 61 dBA 
 
Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Setting: E - 1/8 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.70 0.73 0.73 0.69 0.71
2 5 17 0.73 0.72 0.71 0.70 0.72
3 15 7 0.67 0.69 0.66 0.68 0.68
4 15 17 0.67 0.69 0.72 0.67 0.69
5 25 7 0.60 0.63 0.65 0.68 0.64
6 25 17 0.62 0.68 0.61 0.62 0.63
7 35 7 0.64 0.65 0.67 0.68 0.66
8 35 17 0.63 0.69 0.66 0.68 0.67
9 45 7 0.66 0.70 0.72 0.73 0.70
10 45 17 0.67 0.71 0.71 0.67 0.69
11 55 7 0.75 0.75 0.74 0.73 0.74
12 55 17 0.70 0.73 0.76 0.69 0.72
13 20 17 0.70 0.65 0.66 0.69 0.68
14 17 13 0.66 0.64 0.67 0.67 0.66











Table 21 - Two speakers, ceiling mounted, 1/8-watt power tap, carpet, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.73 0.75 0.73 0.71 0.73
2 5 17 0.72 0.73 0.74 0.72 0.73
3 15 7 0.70 0.69 0.68 0.71 0.70
4 15 17 0.74 0.72 0.71 0.72 0.72
5 25 7 0.65 0.67 0.69 0.67 0.67
6 25 17 0.67 0.66 0.66 0.65 0.66
7 35 7 0.66 0.66 0.69 0.69 0.68
8 35 17 0.69 0.67 0.70 0.66 0.68
9 45 7 0.71 0.73 0.71 0.68 0.71
10 45 17 0.68 0.68 0.76 0.70 0.71
11 55 7 0.76 0.71 0.71 0.70 0.72
12 55 17 0.71 0.73 0.72 0.72 0.72
13 38 17 0.68 0.65 0.65 0.64 0.66
14 11 14 0.76 0.73 0.73 0.73 0.74








(distances in feet) Wall
 
Table 22 - Four speakers, ceiling mounted, 1/8-watt power tap, carpet, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
   91
Mount Type: Ceiling Speaker Locations: 8 Speakers
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.69 0.73 0.72 0.69 0.71
2 5 17 0.71 0.72 0.72 0.74 0.72
3 15 7 0.73 0.72 0.72 0.72 0.72
4 15 17 0.71 0.71 0.72 0.73 0.72
5 25 7 0.72 0.70 0.73 0.71 0.72
6 25 17 0.72 0.71 0.71 0.74 0.72
7 35 7 0.74 0.74 0.73 0.70 0.73
8 35 17 0.71 0.72 0.76 0.74 0.73
9 45 7 0.76 0.74 0.71 0.73 0.74
10 45 17 0.70 0.75 0.73 0.73 0.73
11 55 7 0.74 0.71 0.72 0.71 0.72
12 55 17 0.70 0.73 0.71 0.70 0.71
13 43 12 0.69 0.67 0.72 0.76 0.71
14 53 20 0.78 0.73 0.74 0.78 0.76








(distances in feet) Wall
 
Table 23 - Eight speakers, ceiling mounted, 1/8-watt power tap, carpet, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
   92
Mount Type: Ceiling Speaker Locations: 12 Speakers
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.75 0.69 0.73 0.73 0.73
2 5 17 0.75 0.75 0.73 0.69 0.73
3 15 7 0.71 0.73 0.75 0.71 0.73
4 15 17 0.70 0.72 0.73 0.71 0.72
5 25 7 0.75 0.71 0.74 0.73 0.73
6 25 17 0.73 0.74 0.74 0.73 0.74
7 35 7 0.75 0.77 0.76 0.75 0.76
8 35 17 0.75 0.73 0.72 0.75 0.74
9 45 7 0.73 0.73 0.73 0.70 0.72
10 45 17 0.73 0.71 0.73 0.74 0.73
11 55 7 0.73 0.73 0.73 0.74 0.73
12 55 17 0.74 0.74 0.71 0.73 0.73
13 38 17 0.75 0.75 0.75 0.72 0.74
14 11 14 0.71 0.74 0.72 0.76 0.73










Table 24 - Twelve speakers, ceiling mounted, 1/8-watt power tap, carpet, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Wall Speaker Locations: 2 Speakers
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.73 0.77 0.74 0.69 0.73
2 5 17 0.79 0.73 0.77 0.81 0.78
3 15 7 0.76 0.69 0.68 0.69 0.71
4 15 17 0.69 0.73 0.72 0.69 0.71
5 25 7 0.66 0.64 0.65 0.65 0.65
6 25 17 0.72 0.65 0.62 0.64 0.66
7 35 7 0.60 0.62 0.62 0.64 0.62
8 35 17 0.63 0.59 0.59 0.63 0.61
9 45 7 0.60 0.59 0.57 0.63 0.60
10 45 17 0.59 0.60 0.62 0.60 0.60
11 55 7 0.60 0.58 0.59 0.63 0.60
12 55 17 0.59 0.64 0.59 0.59 0.60
13 22 2 0.66 0.68 0.62 0.66 0.66
14 6 12 0.76 0.71 0.73 0.73 0.73










Table 25 - Two speakers, wall mounted, 1/8-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
   94
Mount Type: Wall Speaker Locations: 4 Speakers
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.72 0.71 0.68 0.67 0.70
2 5 17 0.71 0.69 0.72 0.76 0.72
3 15 7 0.66 0.67 0.65 0.71 0.67
4 15 17 0.69 0.67 0.64 0.66 0.67
5 25 7 0.64 0.65 0.67 0.68 0.66
6 25 17 0.66 0.69 0.66 0.63 0.66
7 35 7 0.63 0.67 0.69 0.66 0.66
8 35 17 0.67 0.70 0.66 0.69 0.68
9 45 7 0.66 0.70 0.65 0.69 0.68
10 45 17 0.67 0.70 0.73 0.69 0.70
11 55 7 0.72 0.76 0.75 0.72 0.74
12 55 17 0.68 0.71 0.80 0.75 0.74
13 11 9 0.67 0.65 0.65 0.65 0.66
14 10 5 0.68 0.69 0.70 0.70 0.69










Table 26 - Four speakers, wall mounted, 1/8-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
   95
Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: D - 1/4 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.73 0.75 0.75 0.75 0.75
2 5 17 0.72 0.72 0.73 0.70 0.72
3 15 7 0.69 0.73 0.73 0.71 0.72
4 15 17 0.71 0.71 0.72 0.72 0.72
5 25 7 0.67 0.65 0.72 0.69 0.68
6 25 17 0.66 0.69 0.68 0.69 0.68
7 35 7 0.64 0.69 0.60 0.69 0.66
8 35 17 0.68 0.68 0.65 0.68 0.67
9 45 7 0.71 0.70 0.73 0.72 0.72
10 45 17 0.71 0.69 0.72 0.71 0.71
11 55 7 0.75 0.76 0.75 0.77 0.76
12 55 17 0.72 0.72 0.75 0.71 0.73
13 46 7 0.72 0.75 0.73 0.72 0.73
14 48 23 0.68 0.73 0.73 0.66 0.70










Table 27 - Two speakers, ceiling mounted, ¼-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
   96
Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: D - 1/4 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.76 0.77 0.76 0.73 0.76
2 5 17 0.77 0.77 0.75 0.73 0.76
3 15 7 0.74 0.75 0.75 0.75 0.75
4 15 17 0.77 0.77 0.77 0.75 0.77
5 25 7 0.76 0.73 0.74 0.73 0.74
6 25 17 0.72 0.73 0.72 0.70 0.72
7 35 7 0.72 0.71 0.73 0.73 0.72
8 35 17 0.73 0.70 0.72 0.74 0.72
9 45 7 0.71 0.76 0.74 0.73 0.74
10 45 17 0.70 0.76 0.74 0.72 0.73
11 55 7 0.77 0.73 0.76 0.73 0.75










Reading # AMBIENT SPL 
1 36.0 51.0 
2 36.0 50.0 
3 36.0 50.0 
4 36.0 50.0 
5 36.0 46.0 
6 36.0 46.0 
7 37.0 46.0 
8 36.0 47.0 
9 34.0 49.0 
10 34.0 48.0 
11 33.0 50.0 
12 34.0 51.0 
 
Table 28 - Four speakers, ceiling mounted, ¼-watt power tap, carpet, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
   97
Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: C - 1/2 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.75 0.73 0.77 0.74 0.75
2 5 17 0.73 0.73 0.75 0.71 0.73
3 15 7 0.73 0.74 0.72 0.75 0.74
4 15 17 0.73 0.72 0.73 0.70 0.72
5 25 7 0.69 0.69 0.69 0.73 0.70
6 25 17 0.69 0.69 0.65 0.66 0.67
7 35 7 0.71 0.67 0.69 0.65 0.68
8 35 17 0.67 0.73 0.73 0.73 0.72
9 45 7 0.73 0.74 0.75 0.70 0.73
10 45 17 0.71 0.73 0.72 0.69 0.71
11 55 7 0.77 0.78 0.77 0.76 0.77
12 55 17 0.73 0.77 0.73 0.72 0.74
13 39 20 0.71 0.72 0.70 0.73 0.72
14 31 11 0.70 0.67 0.70 0.66 0.68










Table 29 - Two speakers, ceiling mounted, ½-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
   98
Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: C - 1/2 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.77 0.77 0.79 0.77 0.78
2 5 17 0.77 0.80 0.77 0.77 0.78
3 15 7 0.79 0.76 0.76 0.78 0.77
4 15 17 0.73 0.75 0.78 0.74 0.75
5 25 7 0.73 0.74 0.72 0.73 0.73
6 25 17 0.77 0.78 0.74 0.73 0.76
7 35 7 0.78 0.75 0.77 0.73 0.76
8 35 17 0.75 0.76 0.75 0.77 0.76
9 45 7 0.79 0.77 0.77 0.75 0.77
10 45 17 0.79 0.80 0.81 0.80 0.80
11 55 7 0.75 0.77 0.78 0.73 0.76







(distances in feet) Wall
 
 
Reading # AMBIENT SPL 
1 36.0 53.0 
2 36.0 50.0 
3 36.0 51.0 
4 36.0 49.0 
5 36.0 47.0 
6 36.0 46.0 
7 37.0 47.0 
8 36.0 47.0 
9 34.0 49.0 
10 34.0 51.0 
11 33.0 50.0 
12 34.0 52.0 
 
Table 30 - Four speakers, ceiling mounted, ½-watt power tap, carpet, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: B - 1.0 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.75 0.72 0.78 0.79 0.76
2 5 17 0.73 0.77 0.76 0.70 0.74
3 15 7 0.75 0.74 0.72 0.75 0.74
4 15 17 0.75 0.74 0.74 0.74 0.74
5 25 7 0.72 0.73 0.74 0.71 0.73
6 25 17 0.73 0.73 0.69 0.76 0.73
7 35 7 0.72 0.68 0.73 0.70 0.71
8 35 17 0.72 0.70 0.73 0.73 0.72
9 45 7 0.70 0.73 0.77 0.74 0.74
10 45 17 0.72 0.73 0.73 0.73 0.73
11 55 7 0.77 0.76 0.77 0.79 0.77
12 55 17 0.73 0.79 0.73 0.76 0.75
13 40 15 0.73 0.74 0.75 0.76 0.75
14 34 11 0.75 0.73 0.69 0.69 0.72










Table 31 - Two speakers, ceiling mounted, 1-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: B - 1.0 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.76 0.77 0.77 0.76 0.77
2 5 17 0.76 0.74 0.70 0.74 0.74
3 15 7 0.77 0.70 0.71 0.76 0.74
4 15 17 0.80 0.79 0.73 0.69 0.75
5 25 7 0.72 0.73 0.72 0.73 0.73
6 25 17 0.73 0.77 0.74 0.70 0.74
7 35 7 0.73 0.73 0.74 0.73 0.73
8 35 17 0.72 0.77 0.73 0.73 0.74
9 45 7 0.73 0.74 0.77 0.71 0.74
10 45 17 0.75 0.77 0.73 0.76 0.75
11 55 7 0.76 0.78 0.75 0.79 0.77
12 55 17 0.79 0.76 0.78 0.76 0.77
13 16 18 0.76 0.75 0.74 0.75 0.75
14 37 6 0.71 0.70 0.73 0.73 0.72










Table 32 - Four speakers, ceiling mounted, 1-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
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Mount Type: Ceiling Speaker Locations: 8 Speakers
Tap Settings: B - 1.0 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.76 0.78 0.75 0.77 0.77
2 5 17 0.77 0.77 0.75 0.76 0.76
3 15 7 0.73 0.78 0.76 0.73 0.75
4 15 17 0.73 0.77 0.74 0.73 0.74
5 25 7 0.74 0.77 0.73 0.76 0.75
6 25 17 0.72 0.76 0.73 0.78 0.75
7 35 7 0.74 0.76 0.75 0.73 0.75
8 35 17 0.76 0.77 0.79 0.79 0.78
9 45 7 0.77 0.76 0.79 0.73 0.76
10 45 17 0.73 0.76 0.75 0.78 0.76
11 55 7 0.75 0.78 0.74 0.74 0.75
12 55 17 0.76 0.74 0.76 0.74 0.75
13 36 4 0.78 0.80 0.79 0.74 0.78
14 1 16 0.74 0.77 0.77 0.74 0.76










Table 33 – Eight speakers, ceiling mounted, 1-watt power tap, carpet, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 12 Speakers
Tap Settings: B - 1.0 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.78 0.77 0.73 0.71 0.75
2 5 17 0.74 0.77 0.78 0.74 0.76
3 15 7 0.74 0.79 0.76 0.76 0.76
4 15 17 0.74 0.75 0.73 0.77 0.75
5 25 7 0.74 0.72 0.75 0.75 0.74
6 25 17 0.75 0.71 0.76 0.77 0.75
7 35 7 0.76 0.78 0.73 0.77 0.76
8 35 17 0.75 0.74 0.78 0.78 0.76
9 45 7 0.76 0.73 0.76 0.75 0.75
10 45 17 0.73 0.77 0.72 0.74 0.74
11 55 7 0.73 0.73 0.73 0.77 0.74
12 55 17 0.72 0.71 0.77 0.78 0.75
13 33 8 0.73 0.73 0.77 0.73 0.74
14 58 21 0.75 0.75 0.77 0.76 0.76








(distances in feet) Wall
 
Table 34 - Twelve speakers, ceiling mounted, 1-watt power tap, carpet, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Wall Speaker Locations: 2 Speakers
Tap Settings: B - 1.0 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.75 0.78 0.75 0.77 0.76
2 5 17 0.79 0.79 0.79 0.81 0.80
3 15 7 0.74 0.73 0.76 0.73 0.74
4 15 17 0.79 0.77 0.76 0.79 0.78
5 25 7 0.73 0.74 0.75 0.71 0.73
6 25 17 0.74 0.73 0.69 0.73 0.72
7 35 7 0.73 0.68 0.69 0.67 0.69
8 35 17 0.70 0.69 0.70 0.75 0.71
9 45 7 0.72 0.68 0.69 0.70 0.70
10 45 17 0.68 0.73 0.69 0.69 0.70
11 55 7 0.70 0.72 0.70 0.69 0.70
12 55 17 0.70 0.67 0.70 0.71 0.70
13 48 8 0.69 0.70 0.70 0.69 0.70
14 11 5 0.77 0.77 0.73 0.75 0.76











Table 35 - Two speakers, wall mounted, 1-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
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Mount Type: Wall Speaker Locations: 4 Speakers
Tap Settings: B - 1.0 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.74 0.78 0.76 0.74 0.76
2 5 17 0.73 0.73 0.77 0.77 0.75
3 15 7 0.73 0.74 0.71 0.73 0.73
4 15 17 0.77 0.71 0.76 0.74 0.75
5 25 7 0.73 0.70 0.73 0.73 0.72
6 25 17 0.73 0.72 0.77 0.72 0.74
7 35 7 0.78 0.72 0.75 0.74 0.75
8 35 17 0.73 0.73 0.74 0.74 0.74
9 45 7 0.74 0.74 0.76 0.77 0.75
10 45 17 0.77 0.76 0.74 0.73 0.75
11 55 7 0.76 0.78 0.76 0.75 0.76
12 55 17 0.76 0.77 0.79 0.77 0.77
13 21 10 0.72 0.73 0.75 0.70 0.73
14 33 19 0.73 0.77 0.75 0.75 0.75










Table 36 - Four speakers, wall mounted, 1-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: A - 2.0 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.77 0.77 0.77 0.77 0.77
2 5 17 0.73 0.79 0.76 0.74 0.76
3 15 7 0.71 0.73 0.75 0.77 0.74
4 15 17 0.76 0.73 0.73 0.72 0.74
5 25 7 0.74 0.74 0.70 0.74 0.73
6 25 17 0.73 0.73 0.73 0.72 0.73
7 35 7 0.72 0.74 0.73 0.73 0.73
8 35 17 0.73 0.73 0.73 0.70 0.72
9 45 7 0.77 0.78 0.77 0.75 0.77
10 45 17 0.74 0.74 0.76 0.71 0.74
11 55 7 0.79 0.77 0.77 0.79 0.78
12 55 17 0.76 0.79 0.76 0.75 0.77
13 50 19 0.77 0.78 0.76 0.77 0.77
14 37 16 0.72 0.75 0.74 0.72 0.73











Table 37 - Two speakers, ceiling mounted, 2-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: A - 2.0 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.74 0.74 0.76 0.76 0.75
2 5 17 0.76 0.77 0.66 0.77 0.74
3 15 7 0.73 0.73 0.64 0.75 0.71
4 15 17 0.78 0.73 0.78 0.75 0.76
5 25 7 0.72 0.77 0.77 0.75 0.75
6 25 17 0.74 0.75 0.74 0.74 0.74
7 35 7 0.75 0.72 0.73 0.74 0.74
8 35 17 0.73 0.71 0.74 0.78 0.74
9 45 7 0.73 0.77 0.78 0.74 0.76
10 45 17 0.77 0.77 0.79 0.76 0.77
11 55 7 0.78 0.79 0.75 0.76 0.77
12 55 17 0.77 0.78 0.76 0.77 0.77
13 46 3 0.77 0.79 0.74 0.76 0.77
14 1 6 0.75 0.75 0.76 0.76 0.76










Table 38 - Four speakers, ceiling mounted, 2-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
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Mount Type: Ceiling Speaker Locations: 8 Speakers
Tap Settings: A - 2.0 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.76 0.78 0.77 0.77 0.77
2 5 17 0.77 0.77 0.74 0.77 0.76
3 15 7 0.79 0.78 0.76 0.73 0.77
4 15 17 0.77 0.78 0.74 0.73 0.76
5 25 7 0.76 0.77 0.76 0.73 0.76
6 25 17 0.77 0.79 0.79 0.73 0.77
7 35 7 0.78 0.77 0.73 0.77 0.76
8 35 17 0.77 0.83 0.77 0.76 0.78
9 45 7 0.77 0.79 0.77 0.79 0.78
10 45 17 0.76 0.79 0.79 0.78 0.78
11 55 7 0.77 0.79 0.77 0.73 0.77
12 55 17 0.77 0.71 0.77 0.76 0.75
13 57 15 0.74 0.74 0.76 0.76 0.75
14 47 21 0.76 0.80 0.77 0.75 0.77










Table 39 - Eight speakers, ceiling mounted, 2-watt power tap, carpet, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 12 Speakers
Tap Settings: A - 2.0 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.77 0.77 0.79 0.78 0.78
2 5 17 0.77 0.77 0.77 0.78 0.77
3 15 7 0.75 0.79 0.73 0.73 0.75
4 15 17 0.75 0.76 0.79 0.73 0.76
5 25 7 0.79 0.79 0.77 0.76 0.78
6 25 17 0.74 0.77 0.77 0.76 0.76
7 35 7 0.73 0.77 0.77 0.77 0.76
8 35 17 0.77 0.75 0.77 0.77 0.77
9 45 7 0.77 0.77 0.78 0.74 0.77
10 45 17 0.77 0.77 0.77 0.77 0.77
11 55 7 0.78 0.78 0.77 0.77 0.78
12 55 17 0.77 0.75 0.73 0.76 0.75
13 19 20 0.77 0.80 0.76 0.77 0.78
14 57 20 0.73 0.79 0.77 0.76 0.76










Table 40 - Twelve speakers, ceiling mounted, 2-watt power tap, carpet, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Wall Speaker Locations: 2 Speakers
Tap Settings: A - 2.0 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.79 0.82 0.77 0.78 0.79
2 5 17 0.80 0.77 0.78 0.83 0.80
3 15 7 0.77 0.79 0.75 0.79 0.78
4 15 17 0.79 0.77 0.74 0.78 0.77
5 25 7 0.72 0.74 0.74 0.75 0.74
6 25 17 0.74 0.72 0.71 0.74 0.73
7 35 7 0.69 0.70 0.73 0.72 0.71
8 35 17 0.69 0.73 0.71 0.69 0.71
9 45 7 0.69 0.71 0.72 0.74 0.72
10 45 17 0.67 0.72 0.72 0.67 0.70
11 55 7 0.79 0.70 0.73 0.70 0.73
12 55 17 0.70 0.69 0.66 0.65 0.68
13 39 18 0.72 0.69 0.67 0.73 0.70
14 57 21 0.63 0.64 0.66 0.69 0.66











Table 41 - Two speakers, wall mounted, 2-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
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Mount Type: Wall Speaker Locations: 4 Speakers
Tap Settings: A - 2.0 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.79 0.77 0.75 0.74 0.76
2 5 17 0.78 0.77 0.77 0.80 0.78
3 15 7 0.73 0.75 0.76 0.75 0.75
4 15 17 0.76 0.73 0.73 0.76 0.75
5 25 7 0.73 0.73 0.72 0.72 0.73
6 25 17 0.72 0.70 0.73 0.76 0.73
7 35 7 0.70 0.77 0.79 0.73 0.75
8 35 17 0.74 0.78 0.77 0.76 0.76
9 45 7 0.74 0.77 0.72 0.75 0.75
10 45 17 0.73 0.75 0.75 0.77 0.75
11 55 7 0.76 0.79 0.82 0.79 0.79
12 55 17 0.75 0.80 0.77 0.79 0.78
13 43 10 0.76 0.74 0.79 0.74 0.76
14 46 14 0.77 0.77 0.79 0.76 0.77










Table 42 - Four speakers, wall mounted, 2-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, No Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.64 0.67 0.66 0.67 0.66
2 5 17 0.64 0.70 0.67 0.64 0.66
3 15 7 0.63 0.66 0.65 0.64 0.65
4 15 17 0.68 0.63 0.61 0.62 0.64
5 25 7 0.63 0.61 0.58 0.60 0.61
6 25 17 0.60 0.61 0.63 0.62 0.62
7 35 7 0.63 0.65 0.64 0.69 0.65
8 35 17 0.60 0.60 0.60 0.64 0.61
9 45 7 0.63 0.66 0.61 0.63 0.63
10 45 17 0.60 0.69 0.64 0.65 0.65
11 55 7 0.63 0.66 0.66 0.59 0.64










Reading # AMBIENT SPL 
1 32.0 40 
2 33.0 41 
3 32.0 39 
4 32.0 39 
5 33.0 39 
6 32.0 38 
7 33.0 38 
8 34.0 39 
9 33.0 40 
10 33.0 40 
11 33.0 41 
12 33.0 42 
Table 43 - Two speakers, ceiling mounted, 1/8-watt power tap, carpet, 61 dBA, no furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, No Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.69 0.68 0.73 0.7 0.70
2 5 17 0.7 0.73 0.7 0.72 0.71
3 15 7 0.65 0.66 0.66 0.68 0.66
4 15 17 0.69 0.7 0.66 0.65 0.68
5 25 7 0.64 0.65 0.65 0.64 0.65
6 25 17 0.63 0.63 0.63 0.62 0.63
7 35 7 0.63 0.66 0.66 0.64 0.65
8 35 17 0.62 0.65 0.62 0.64 0.63
9 45 7 0.68 0.7 0.71 0.69 0.70
10 45 17 0.69 0.71 0.69 0.7 0.70
11 55 7 0.71 0.69 0.71 0.7 0.70







(distances in feet) Wall
 
 
Reading # AMBIENT SPL 
1 32.0 43 
2 33.0 44 
3 32.0 42 
4 32.0 42 
5 33.0 41 
6 32.0 41 
7 33.0 41 
8 34.0 41 
9 33.0 42 
10 33.0 43 
11 33.0 43 
12 33.0 44 
Table 44 - Four speakers, ceiling mounted, 1/8-watt power tap, carpet, 61 dBA, no furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 8 Speakers
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, No Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.73 0.70 0.69 0.73 0.71
2 5 17 0.69 0.73 0.71 0.68 0.70
3 15 7 0.69 0.72 0.73 0.71 0.71
4 15 17 0.69 0.74 0.68 0.71 0.71
5 25 7 0.70 0.68 0.72 0.70 0.70
6 25 17 0.70 0.73 0.70 0.70 0.71
7 35 7 0.70 0.74 0.71 0.74 0.72
8 35 17 0.70 0.72 0.67 0.68 0.69
9 45 7 0.70 0.74 0.71 0.70 0.71
10 45 17 0.69 0.69 0.72 0.73 0.71
11 55 7 0.71 0.70 0.73 0.71 0.71










Reading # AMBIENT SPL 
1 32.0 44 
2 33.0 44 
3 32.0 43 
4 32.0 44 
5 33.0 44 
6 32.0 44 
7 33.0 45 
8 34.0 45 
9 33.0 44 
10 33.0 44 
11 33.0 44 
12 33.0 44 
Table 45 - Eight speakers, ceiling mounted, 1/8-watt power tap, carpet, 61 dBA, no furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 12 Speakers
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, No Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.70 0.74 0.73 0.73 0.73
2 5 17 0.73 0.71 0.73 0.73 0.73
3 15 7 0.70 0.73 0.75 0.72 0.73
4 15 17 0.74 0.72 0.75 0.74 0.74
5 25 7 0.73 0.70 0.75 0.69 0.72
6 25 17 0.71 0.72 0.73 0.73 0.72
7 35 7 0.71 0.74 0.73 0.74 0.73
8 35 17 0.70 0.73 0.75 0.71 0.72
9 45 7 0.73 0.74 0.73 0.75 0.74
10 45 17 0.73 0.72 0.73 0.74 0.73
11 55 7 0.73 0.72 0.73 0.72 0.73




















(distances in feet) Wall
 
Table 46 - Twelve speakers, ceiling mounted, 1/8-watt power tap, carpet, 61 dBA, no furniture, 
10’x10’ grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: C - 1/2 25v amp Variables: Carpet, 61 dBA, No Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.72 0.73 0.73 0.73 0.73
2 5 17 0.73 0.74 0.72 0.73 0.73
3 15 7 0.73 0.69 0.71 0.69 0.71
4 15 17 0.73 0.74 0.68 0.72 0.72
5 25 7 0.69 0.69 0.69 0.7 0.69
6 25 17 0.71 0.7 0.69 0.67 0.69
7 35 7 0.69 0.7 0.69 0.68 0.69
8 35 17 0.67 0.68 0.68 0.69 0.68
9 45 7 0.73 0.73 0.69 0.75 0.73
10 45 17 0.71 0.73 0.76 0.73 0.73
11 55 7 0.75 0.74 0.76 0.74 0.75




















(distances in feet) Wall
 
Table 47 - Two speakers, ceiling mounted, ½-watt power tap, carpet, 61 dBA, no furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: C - 1/2 25v amp Variables: Carpet, 61 dBA, No Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.76 0.75 0.79 0.78 0.77
2 5 17 0.73 0.74 0.75 0.76 0.75
3 15 7 0.73 0.75 0.75 0.73 0.74
4 15 17 0.77 0.78 0.75 0.74 0.76
5 25 7 0.75 0.73 0.70 0.74 0.73
6 25 17 0.71 0.74 0.72 0.75 0.73
7 35 7 0.73 0.71 0.72 0.69 0.71
8 35 17 0.71 0.70 0.73 0.70 0.71
9 45 7 0.73 0.76 0.77 0.76 0.76
10 45 17 0.73 0.73 0.75 0.75 0.74
11 55 7 0.74 0.77 0.76 0.76 0.76






















Table 48 - Four speakers, ceiling mounted, ½-watt power tap, carpet, 61 dBA, no furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Simplex Method
Reading # X Y AMBIENT SPL 1 2 3
1 5 7 33.0 44.0 0.70 0.73 0.75
2 5 17 33.0 43.0 0.73 0.69 0.73
3 15 7 33.0 42.0 0.75 0.73
4 15 17 33.0 41.0 0.70 0.70
5 25 7 33.0 40.0 0.69 0.69
6 25 17 34.0 40.0 0.67 0.66
7 35 7 34.0 41.0 0.68 0.67
8 35 17 33.0 40.0 0.68 0.65 0.66
9 45 7 32.0 43.0 0.76 0.73 0.74
10 45 17 33.0 42.0 0.71 0.70
11 55 7 33.0 44.0 0.73 0.74









Table 49 - Two speakers, ceiling mounted, 1/8-watt power tap, carpet, 61 dBA, furniture, 10’x10’ 
grid, Simplex method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: C - 1/2 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Simplex Method
Reading # X Y AMBIENT SPL 1 2 3
1 5 7 33.0 49.0 0.78 0.77
2 5 17 33.0 48.0 0.74 0.77 0.76
3 15 7 33.0 48.0 0.77 0.77
4 15 17 33.0 46.0 0.73 0.73
5 25 7 33.0 45.0 0.73 0.73
6 25 17 34.0 45.0 0.73 0.73
7 35 7 34.0 46.0 0.72 0.71
8 35 17 33.0 46.0 0.76 0.73 0.74
9 45 7 32.0 48.0 0.80 0.77 0.79
10 45 17 33.0 48.0 0.75 0.78 0.77
11 55 7 33.0 50.0 0.79 0.81









Table 50 - Two speakers, ceiling mounted, ½-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
Simplex method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers 
Tap Settings: A - 2 25v amp Variables: Carpet, 61 dBA, Furniture,
10'x10' grid, Simplex Method
Reading # X Y AMBIENT SPL 1 2 3
1 5 7 35.0 69.0 0.77 0.80 0.80
2 5 17 36.0 70.0 0.84 0.81 0.82
3 15 7 35.0 68.0 0.81 0.80
4 15 17 36.0 68.0 0.82 0.83
5 25 7 35.0 67.0 0.81 0.79
6 25 17 37.0 66.0 0.80 0.81
7 35 7 36.0 66.0 0.81 0.83
8 35 17 36.0 66.0 0.81 0.78 0.79
9 45 7 36.0 68.0 0.81 0.84 0.84
10 45 17 35.0 70.0 0.83 0.81
11 55 7 35.0 70.0 0.83 0.84







(distances in feet) MEASUREMENT
 
Table 51 - Two speakers, ceiling mounted, 2-watt power tap, carpet, 61 dBA, furniture, 10’x10’ grid, 
Simplex method 
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9.2 Tileboard Experiments at 61 dBA 
Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: E - 1/8 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.67 0.73 0.72 0.70 0.71
2 5 14 0.73 0.65 0.65 0.66 0.67
3 15 7 0.66 0.65 0.63 0.62 0.64
4 15 14 0.65 0.66 0.63 0.66 0.65
5 25 7 0.57 0.61 0.62 0.61 0.60
6 25 14 0.61 0.63 0.63 0.64 0.63
7 35 7 0.62 0.64 0.64 0.66 0.64
8 35 14 0.58 0.60 0.63 0.63 0.61
9 45 7 0.68 0.68 0.66 0.66 0.67
10 45 14 0.63 0.69 0.67 0.63 0.66
11 55 7 0.70 0.70 0.70 0.70 0.70
12 55 14 0.72 0.75 0.71 0.70 0.72
13 44 2 0.63 0.69 0.64 0.64 0.65
14 9 12 0.75 0.72 0.77 0.75 0.75







(distances in feet) Wall
RANDOM LOCATION MEASUREMENTS
 
Table 52 - Two speakers, ceiling mounted, 1/8-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: E - 1/8 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.73 0.73 0.71 0.70 0.72
2 5 14 0.68 0.73 0.73 0.74 0.72
3 15 7 0.72 0.63 0.68 0.65 0.67
4 15 14 0.70 0.69 0.64 0.73 0.69
5 25 7 0.69 0.65 0.65 0.64 0.66
6 25 14 0.70 0.63 0.62 0.64 0.65
7 35 7 0.63 0.67 0.63 0.62 0.64
8 35 14 0.66 0.68 0.64 0.61 0.65
9 45 7 0.70 0.68 0.67 0.67 0.68
10 45 14 0.72 0.69 0.71 0.68 0.70
11 55 7 0.72 0.69 0.72 0.69 0.71
12 55 14 0.71 0.73 0.73 0.71 0.72
13 43 14 0.70 0.65 0.71 0.64 0.68
14 28 6 0.65 0.68 0.64 0.70 0.67










Table 53 - Four speakers, ceiling mounted, 1/8-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 8 Speakers
Tap Settings: E - 1/8 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.68 0.71 0.73 0.73 0.71
2 5 14 0.68 0.71 0.73 0.71 0.71
3 15 7 0.73 0.72 0.73 0.69 0.72
4 15 14 0.69 0.67 0.66 0.70 0.68
5 25 7 0.69 0.69 0.73 0.71 0.71
6 25 14 0.70 0.70 0.73 0.72 0.71
7 35 7 0.70 0.61 0.71 0.71 0.68
8 35 14 0.68 0.70 0.70 0.73 0.70
9 45 7 0.69 0.71 0.69 0.73 0.71
10 45 14 0.72 0.71 0.73 0.73 0.72
11 55 7 0.73 0.67 0.72 0.67 0.70
12 55 14 0.73 0.68 0.70 0.69 0.70
13 45 19 0.71 0.69 0.73 0.70 0.71
14 24 8 0.70 0.67 0.67 0.73 0.69










Table 54 - Eight speakers, ceiling mounted, 1/8-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 12 Speakers
Tap Settings: E - 1/8 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.71 0.74 0.72 0.75 0.73
2 5 14 0.73 0.72 0.73 0.68 0.72
3 15 7 0.72 0.69 0.67 0.70 0.70
4 15 14 0.70 0.73 0.75 0.71 0.72
5 25 7 0.74 0.77 0.70 0.73 0.74
6 25 14 0.71 0.72 0.65 0.71 0.70
7 35 7 0.74 0.75 0.72 0.70 0.73
8 35 14 0.70 0.74 0.71 0.72 0.72
9 45 7 0.72 0.69 0.73 0.75 0.72
10 45 14 0.72 0.73 0.75 0.75 0.74
11 55 7 0.72 0.72 0.72 0.71 0.72
12 55 14 0.73 0.74 0.72 0.72 0.73
13 32 3 0.69 0.73 0.73 0.72 0.72
14 24 16 0.74 0.73 0.73 0.73 0.73










Table 55 - Twelve speakers, ceiling mounted, 1/8-watt power tap, tileboard, 61 dBA, furniture, 
10’x10’ grid, experimental method 
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Mount Type: Wall Speaker Locations: 2 Speakers
Tap Settings: E - 1/8 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.75 0.73 0.67 0.75 0.73
2 5 14 0.72 0.68 0.71 0.72 0.71
3 15 7 0.65 0.61 0.64 0.60 0.63
4 15 14 0.69 0.70 0.68 0.63 0.68
5 25 7 0.57 0.63 0.54 0.58 0.58
6 25 14 0.58 0.57 0.57 0.62 0.59
7 35 7 0.64 0.62 0.52 0.59 0.59
8 35 14 0.63 0.55 0.55 0.59 0.58
9 45 7 0.60 0.62 0.54 0.58 0.59
10 45 14 0.53 0.54 0.57 0.57 0.55
11 55 7 0.58 0.58 0.60 0.58 0.59
12 55 14 0.59 0.57 0.58 0.54 0.57
13 14 16 0.66 0.65 0.67 0.67 0.66
14 59 2 0.60 0.61 0.63 0.53 0.59










Table 56 - Two speakers, wall mounted, 1/8-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Wall Speaker Locations: 4 Speakers
Tap Settings: E - 1/8 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.69 0.72 0.69 0.74 0.71
2 5 14 0.75 0.67 0.71 0.68 0.70
3 15 7 0.63 0.64 0.64 0.64 0.64
4 15 14 0.62 0.65 0.63 0.65 0.64
5 25 7 0.60 0.61 0.68 0.66 0.64
6 25 14 0.63 0.65 0.62 0.67 0.64
7 35 7 0.65 0.66 0.62 0.61 0.64
8 35 14 0.64 0.62 0.63 0.63 0.63
9 45 7 0.65 0.66 0.63 0.66 0.65
10 45 14 0.63 0.65 0.66 0.61 0.64
11 55 7 0.65 0.76 0.72 0.72 0.71
12 55 14 0.67 0.67 0.66 0.69 0.67
13 21 9 0.62 0.64 0.64 0.63 0.63
14 43 0 0.61 0.63 0.60 0.65 0.62










Table 57 - Four speakers, wall mounted, 1/8-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: D - 1/4 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.73 0.73 0.73 0.73 0.73
2 5 14 0.69 0.73 0.73 0.67 0.71
3 15 7 0.69 0.70 0.71 0.64 0.69
4 15 14 0.66 0.67 0.67 0.65 0.66
5 25 7 0.71 0.71 0.73 0.67 0.71
6 25 14 0.69 0.64 0.64 0.66 0.66
7 35 7 0.69 0.66 0.70 0.67 0.68
8 35 14 0.63 0.63 0.64 0.66 0.64
9 45 7 0.71 0.66 0.71 0.69 0.69
10 45 14 0.67 0.68 0.72 0.68 0.69
11 55 7 0.74 0.74 0.72 0.69 0.72
12 55 14 0.76 0.68 0.76 0.76 0.74
13 33 6 0.67 0.65 0.69 0.68 0.67
14 36 13 0.65 0.65 0.68 0.63 0.65










Table 58 - Two speakers, ceiling mounted, ¼-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: D - 1/4 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.73 0.79 0.75 0.77 0.76
2 5 17 0.74 0.77 0.77 0.76 0.76
3 15 7 0.71 0.73 0.73 0.74 0.73
4 15 17 0.73 0.73 0.72 0.73 0.73
5 25 7 0.72 0.69 0.70 0.69 0.70
6 25 17 0.68 0.69 0.69 0.73 0.70
7 35 7 0.68 0.70 0.70 0.70 0.70
8 35 17 0.70 0.71 0.71 0.71 0.71
9 45 7 0.75 0.74 0.72 0.73 0.74
10 45 17 0.70 0.75 0.74 0.73 0.73
11 55 7 0.74 0.75 0.77 0.77 0.76






















Table 59 - Four speakers, ceiling mounted, ¼-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: C - 1/2 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.76 0.71 0.73 0.75 0.74
2 5 14 0.72 0.72 0.75 0.68 0.72
3 15 7 0.77 0.69 0.69 0.71 0.72
4 15 14 0.69 0.69 0.73 0.68 0.70
5 25 7 0.67 0.65 0.68 0.68 0.67
6 25 14 0.69 0.68 0.68 0.72 0.69
7 35 7 0.68 0.67 0.73 0.73 0.70
8 35 14 0.66 0.67 0.69 0.72 0.69
9 45 7 0.71 0.74 0.69 0.71 0.71
10 45 14 0.72 0.73 0.70 0.70 0.71
11 55 7 0.73 0.74 0.75 0.75 0.74
12 55 14 0.75 0.75 0.74 0.74 0.75
13 11 5 0.75 0.73 0.71 0.73 0.73
14 26 11 0.69 0.71 0.69 0.69 0.70










Table 60 - Two speakers, ceiling mounted, ½-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: C - 1/2 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.77 0.77 0.77 0.80 0.78
2 5 17 0.79 0.79 0.77 0.76 0.78
3 15 7 0.77 0.73 0.74 0.75 0.75
4 15 17 0.76 0.75 0.77 0.73 0.75
5 25 7 0.74 0.73 0.74 0.72 0.73
6 25 17 0.70 0.76 0.74 0.75 0.74
7 35 7 0.72 0.73 0.73 0.74 0.73
8 35 17 0.72 0.74 0.73 0.75 0.74
9 45 7 0.73 0.73 0.78 0.77 0.75
10 45 17 0.73 0.74 0.76 0.76 0.75
11 55 7 0.75 0.78 0.79 0.78 0.78






















Table 61 - Four speakers, ceiling mounted, ½-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: B - 1.0 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.74 0.74 0.75 0.79 0.76
2 5 14 0.74 0.71 0.73 0.69 0.72
3 15 7 0.74 0.73 0.69 0.66 0.71
4 15 14 0.72 0.67 0.68 0.67 0.69
5 25 7 0.66 0.70 0.69 0.66 0.68
6 25 14 0.67 0.67 0.68 0.65 0.67
7 35 7 0.68 0.68 0.68 0.70 0.69
8 35 14 0.69 0.68 0.73 0.70 0.70
9 45 7 0.70 0.72 0.73 0.73 0.72
10 45 14 0.70 0.71 0.68 0.69 0.70
11 55 7 0.76 0.76 0.73 0.77 0.76
12 55 14 0.73 0.77 0.73 0.77 0.75
13 13 15 0.76 0.77 0.73 0.75 0.75
14 22 12 0.63 0.64 0.64 0.68 0.65










Table 62 - Two speakers, ceiling mounted, 1-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: B - 1.0 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.74 0.79 0.78 0.75 0.77
2 5 14 0.73 0.76 0.74 0.78 0.75
3 15 7 0.73 0.73 0.74 0.73 0.73
4 15 14 0.74 0.74 0.70 0.76 0.74
5 25 7 0.72 0.73 0.76 0.70 0.73
6 25 14 0.72 0.74 0.70 0.71 0.72
7 35 7 0.73 0.71 0.72 0.73 0.72
8 35 14 0.70 0.71 0.74 0.73 0.72
9 45 7 0.74 0.75 0.73 0.70 0.73
10 45 14 0.70 0.76 0.75 0.76 0.74
11 55 7 0.79 0.73 0.77 0.75 0.76
12 55 14 0.75 0.75 0.75 0.74 0.75
13 4 23 0.73 0.76 0.77 0.74 0.75
14 46 17 0.71 0.77 0.77 0.73 0.75










Table 63 - Four speakers, ceiling mounted, 1-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
   132
Mount Type: Ceiling Speaker Locations: 8 Speakers
Tap Settings: B - 1.0 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.72 0.76 0.75 0.70 0.73
2 5 14 0.73 0.75 0.70 0.71 0.72
3 15 7 0.72 0.72 0.74 0.77 0.74
4 15 14 0.75 0.74 0.71 0.77 0.74
5 25 7 0.77 0.74 0.74 0.74 0.75
6 25 14 0.76 0.70 0.73 0.76 0.74
7 35 7 0.72 0.75 0.74 0.70 0.73
8 35 14 0.75 0.72 0.79 0.77 0.76
9 45 7 0.74 0.72 0.73 0.73 0.73
10 45 14 0.73 0.73 0.75 0.77 0.75
11 55 7 0.76 0.73 0.73 0.75 0.74
12 55 14 0.75 0.70 0.72 0.73 0.73
13 30 8 0.73 0.76 0.73 0.73 0.74
14 21 15 0.72 0.77 0.72 0.75 0.74











Table 64 - Eight speakers, ceiling mounted, 1-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 12 Speakers
Tap Settings: B - 1.0 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.74 0.78 0.79 0.75 0.77
2 5 14 0.75 0.77 0.75 0.74 0.75
3 15 7 0.79 0.77 0.77 0.73 0.77
4 15 14 0.74 0.77 0.77 0.74 0.76
5 25 7 0.74 0.81 0.76 0.75 0.77
6 25 14 0.73 0.76 0.75 0.76 0.75
7 35 7 0.78 0.79 0.76 0.77 0.78
8 35 14 0.76 0.73 0.76 0.76 0.75
9 45 7 0.77 0.75 0.74 0.78 0.76
10 45 14 0.75 0.73 0.77 0.76 0.75
11 55 7 0.77 0.74 0.78 0.73 0.76
12 55 14 0.77 0.74 0.74 0.73 0.75
13 49 9 0.77 0.73 0.76 0.77 0.76
14 41 8 0.77 0.76 0.76 0.78 0.77










Table 65 - Twelve speakers, ceiling mounted, 1-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Wall Speaker Locations: 2 Speakers
Tap Settings: B - 1.0 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.78 0.74 0.73 0.79 0.76
2 5 14 0.79 0.73 0.79 0.79 0.78
3 15 7 0.73 0.73 0.72 0.73 0.73
4 15 14 0.71 0.75 0.77 0.69 0.73
5 25 7 0.73 0.66 0.65 0.72 0.69
6 25 14 0.71 0.68 0.68 0.72 0.70
7 35 7 0.74 0.70 0.66 0.68 0.70
8 35 14 0.70 0.73 0.65 0.65 0.68
9 45 7 0.61 0.63 0.62 0.70 0.64
10 45 14 0.64 0.66 0.63 0.69 0.66
11 55 7 0.66 0.63 0.69 0.72 0.68
12 55 14 0.67 0.64 0.68 0.67 0.67
13 24 15 0.68 0.73 0.69 0.73 0.71
14 7 22 0.76 0.73 0.73 0.70 0.73










Table 66 - Two speakers, wall mounted, 1-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
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Mount Type: Wall Speaker Locations: 4 Speakers
Tap Settings: B - 1.0 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.74 0.77 0.73 0.73 0.74
2 5 14 0.77 0.77 0.75 0.76 0.76
3 15 7 0.71 0.70 0.70 0.73 0.71
4 15 14 0.72 0.72 0.71 0.71 0.72
5 25 7 0.71 0.72 0.72 0.68 0.71
6 25 14 0.68 0.71 0.73 0.75 0.72
7 35 7 0.71 0.70 0.70 0.73 0.71
8 35 14 0.74 0.73 0.74 0.67 0.72
9 45 7 0.69 0.74 0.74 0.74 0.73
10 45 14 0.72 0.75 0.73 0.72 0.73
11 55 7 0.75 0.78 0.77 0.73 0.76
12 55 14 0.74 0.74 0.77 0.77 0.76
13 19 7 0.73 0.74 0.71 0.71 0.72
14 9 8 0.73 0.73 0.76 0.73 0.74










Table 67 - Four speakers, wall mounted, 1-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: A - 2.0 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.79 0.79 0.78 0.79 0.79
2 5 14 0.75 0.76 0.75 0.73 0.75
3 15 7 0.73 0.70 0.69 0.72 0.71
4 15 14 0.71 0.69 0.73 0.69 0.71
5 25 7 0.69 0.69 0.70 0.69 0.69
6 25 14 0.70 0.71 0.68 0.68 0.69
7 35 7 0.69 0.70 0.75 0.69 0.71
8 35 14 0.70 0.65 0.73 0.75 0.71
9 45 7 0.74 0.73 0.73 0.75 0.74
10 45 14 0.72 0.77 0.74 0.71 0.74
11 55 7 0.79 0.77 0.77 0.81 0.79
12 55 14 0.78 0.78 0.74 0.75 0.76
13 9 22 0.73 0.72 0.73 0.70 0.72
14 50 13 0.78 0.83 0.81 0.77 0.80










Table 68 - Two speakers, ceiling mounted, 2-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: A - 2.0 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.78 0.78 0.77 0.79 0.78
2 5 14 0.73 0.74 0.73 0.78 0.75
3 15 7 0.76 0.73 0.73 0.72 0.74
4 15 14 0.74 0.74 0.75 0.75 0.75
5 25 7 0.75 0.75 0.70 0.75 0.74
6 25 14 0.75 0.73 0.75 0.73 0.74
7 35 7 0.74 0.77 0.74 0.73 0.75
8 35 14 0.73 0.77 0.74 0.74 0.75
9 45 7 0.72 0.77 0.74 0.74 0.74
10 45 14 0.77 0.79 0.75 0.78 0.77
11 55 7 0.79 0.76 0.77 0.78 0.78
12 55 14 0.77 0.77 0.75 0.79 0.77
13 21 17 0.73 0.74 0.73 0.71 0.73
14 52 22 0.80 0.82 0.82 0.79 0.81










Table 69 - Four speakers, ceiling mounted, 2-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 8 Speakers
Tap Settings: A - 2.0 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.76 0.76 0.74 0.73 0.75
2 5 14 0.75 0.77 0.74 0.73 0.75
3 15 7 0.75 0.77 0.78 0.76 0.77
4 15 14 0.77 0.75 0.77 0.73 0.76
5 25 7 0.73 0.76 0.74 0.78 0.75
6 25 14 0.73 0.76 0.75 0.76 0.75
7 35 7 0.75 0.76 0.79 0.77 0.77
8 35 14 0.76 0.77 0.77 0.74 0.76
9 45 7 0.77 0.75 0.75 0.76 0.76
10 45 14 0.77 0.77 0.78 0.77 0.77
11 55 7 0.74 0.75 0.76 0.76 0.75
12 55 14 0.77 0.75 0.74 0.76 0.76
13 14 12 0.76 0.74 0.73 0.78 0.75
14 51 1 0.79 0.79 0.78 0.79 0.79







(distances in feet) Wall
RANDOM LOCATION MEASUREMENTS
 
Table 70 - Eight speakers, ceiling mounted, 2-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 12 Speakers
Tap Settings: A - 2.0 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.75 0.77 0.74 0.75 0.75
2 5 14 0.74 0.77 0.79 0.76 0.77
3 15 7 0.75 0.76 0.75 0.79 0.76
4 15 14 0.74 0.79 0.77 0.78 0.77
5 25 7 0.76 0.77 0.77 0.80 0.78
6 25 14 0.77 0.75 0.73 0.79 0.76
7 35 7 0.76 0.77 0.79 0.77 0.77
8 35 14 0.77 0.77 0.78 0.77 0.77
9 45 7 0.73 0.75 0.77 0.76 0.75
10 45 14 0.77 0.79 0.78 0.77 0.78
11 55 7 0.77 0.73 0.75 0.77 0.76
12 55 14 0.79 0.76 0.77 0.73 0.76
13 46 12 0.72 0.77 0.74 0.77 0.75
14 58 20 0.76 0.75 0.76 0.79 0.77










Table 71 - Twelve speakers, ceiling mounted, 2-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, experimental method 
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Mount Type: Wall Speaker Locations: 2 Speakers
Tap Settings: A - 2.0 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.77 0.81 0.75 0.80 0.78
2 5 14 0.79 0.80 0.81 0.81 0.80
3 15 7 0.78 0.74 0.80 0.80 0.78
4 15 14 0.77 0.79 0.79 0.78 0.78
5 25 7 0.77 0.73 0.66 0.73 0.72
6 25 14 0.71 0.68 0.68 0.75 0.71
7 35 7 0.72 0.72 0.69 0.72 0.71
8 35 14 0.71 0.73 0.66 0.72 0.71
9 45 7 0.68 0.67 0.69 0.67 0.68
10 45 14 0.72 0.72 0.67 0.67 0.70
11 55 7 0.68 0.71 0.70 0.67 0.69
12 55 14 0.72 0.68 0.71 0.68 0.70
13 50 21 0.65 0.68 0.68 0.68 0.67
14 51 2 0.72 0.70 0.66 0.73 0.70










Table 72 - Two speakers, wall mounted, 2-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
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Mount Type: Wall Speaker Locations: 4 Speakers
Tap Settings: A - 2.0 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.79 0.77 0.75 0.79 0.78
2 5 14 0.77 0.77 0.76 0.77 0.77
3 15 7 0.74 0.74 0.71 0.76 0.74
4 15 14 0.73 0.71 0.75 0.72 0.73
5 25 7 0.71 0.73 0.75 0.73 0.73
6 25 14 0.71 0.73 0.69 0.75 0.72
7 35 7 0.73 0.75 0.74 0.74 0.74
8 35 14 0.73 0.70 0.71 0.73 0.72
9 45 7 0.73 0.75 0.73 0.74 0.74
10 45 14 0.73 0.76 0.73 0.75 0.74
11 55 7 0.74 0.79 0.75 0.75 0.76
12 55 14 0.79 0.73 0.80 0.77 0.77
13 32 20 0.74 0.70 0.77 0.76 0.74
14 12 5 0.76 0.72 0.74 0.73 0.74










Table 73 - Four speakers, wall mounted, 2-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ grid, 
experimental method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: E - 1/8 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Simplex Method
Reading # X Y AMBIENT SPL 1 2 3
1 5 7 34 40 0.69 0.70
2 5 17 34 40 0.75 0.67 0.67
3 15 7 33 39 0.63 0.64
4 15 17 33 39 0.68 0.68
5 25 7 33 38 0.60 0.61
6 25 17 32 38 0.61 0.61
7 35 7 33 38 0.63 0.65
8 35 17 33 39 0.68 0.66
9 45 7 33 41 0.68 0.67
10 45 17 33 41 0.75 0.70 0.74
11 55 7 33 41 0.71 0.73







(distances in feet) MEASUREMENT
 
Table 74 - Two speakers, ceiling mounted, 1/8-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, Simplex method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: C - 1/2 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Simplex Method
Reading # X Y AMBIENT SPL 1 2 3
1 5 7 34 46 0.77 0.78
2 5 17 34 46 0.77 0.74 0.76
3 15 7 33 44 0.73 0.72
4 15 17 33 45 0.75 0.75
5 25 7 33 42 0.71 0.70
6 25 17 32 41 0.67 0.69
7 35 7 33 43 0.73 0.73
8 35 17 33 43 0.71 0.72
9 45 7 33 46 0.74 0.75
10 45 17 33 46 0.75 0.75
11 55 7 33 47 0.75 0.77









Table 75 - Two speakers, ceiling mounted, ½-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, Simplex method 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: A - 2 25v amp Variables: Tileboard, 61 dBA, Furniture,
10'x10' grid, Simplex Method
Reading # X Y AMBIENT SPL 1 2 3
1 5 7 34 50 0.79 0.81
2 5 17 34 50 0.78 0.78
3 15 7 33 49 0.79 0.77
4 15 17 33 49 0.77 0.74 0.78
5 25 7 33 48 0.73 0.77 0.74
6 25 17 32 48 0.75 0.74
7 35 7 33 48 0.73 0.77 0.77
8 35 17 33 48 0.75 0.77
9 45 7 33 49 0.75 0.79 0.76
10 45 17 33 50 0.77 0.79
11 55 7 33 52 0.81 0.78 0.79







(distances in feet) MEASUREMENT
 
Table 76 - Two speakers, ceiling mounted, 2-watt power tap, tileboard, 61 dBA, furniture, 10’x10’ 
grid, Simplex method 
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9.3 Occupant Experiments at 61 dBA 
 
Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: E - 1/8 25v amp Variables: Tileboard, 61 dBA, 22 occupants (g),
10'x20' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.65 0.66 0.70 0.66 0.67
2 5 17 0.67 0.66 0.63 0.66 0.66
3 25 7 0.62 0.54 0.58 0.62 0.59
4 25 17 0.62 0.64 0.57 0.57 0.60
5 35 7 0.59 0.64 0.64 0.62 0.62
6 35 17 0.60 0.61 0.66 0.66 0.63
7 55 7 0.66 0.71 0.71 0.72 0.70









Table 77 - Two speakers, ceiling mounted, 1/8-watt power tap, tileboard, 61 dBA, furniture, 10’x20’ 
grid, experimental method, twenty-two grouped occupants 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: E - 1/8 25v amp Variables: Tileboard, 61 dBA, 22 occupants (g),
10'x20' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.66 0.68 0.69 0.64 0.67
2 5 17 0.68 0.70 0.70 0.65 0.68
3 25 7 0.59 0.55 0.54 0.58 0.57
4 25 17 0.58 0.62 0.53 0.57 0.58
5 35 7 0.46 0.53 0.44 0.58 0.50
6 35 17 0.52 0.53 0.50 0.43 0.50
7 55 7 0.73 0.73 0.73 0.73 0.73







(distances in feet) Wall
 
Table 78 - Four speakers, ceiling mounted, 1/8-watt power tap, tileboard, 61 dBA, furniture, 10’x20’ 
grid, experimental method, twenty-two grouped occupants 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: E - 1/8 25v amp Variables: Tileboard, 61 dBA, 22 occupants (s),
10'x20' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.69 0.65 0.67 0.69 0.68
2 5 17 0.68 0.64 0.64 0.67 0.66
3 25 7 0.65 0.60 0.58 0.58 0.60
4 25 17 0.60 0.66 0.61 0.64 0.63
5 35 7 0.63 0.66 0.65 0.52 0.62
6 35 17 0.64 0.60 0.66 0.58 0.62
7 55 7 0.74 0.66 0.69 0.64 0.68









Table 79 - Two speakers, ceiling mounted, 1/8-watt power tap, tileboard, 61 dBA, furniture, 10’x20’ 
grid, experimental method, twenty-two scattered occupants 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: E - 1/8 25v amp Variables: Tileboard, 61 dBA, 22 occupants (s),
10'x20' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.73 0.73 0.72 0.68 0.72
2 5 17 0.70 0.70 0.70 0.71 0.70
3 25 7 0.69 0.67 0.67 0.61 0.66
4 25 17 0.62 0.65 0.62 0.67 0.64
5 35 7 0.64 0.65 0.70 0.67 0.67
6 35 17 0.66 0.74 0.64 0.73 0.69
7 55 7 0.73 0.73 0.72 0.72 0.73









Table 80 - Four speakers, ceiling mounted, 1/8-watt power tap, tileboard, 61 dBA, furniture, 10’x20’ 
grid, experimental method, twenty-two scattered occupants 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: C - 1/2 25v amp Variables: Tileboard, 61 dBA, 22 occupants (g),
10'x20' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.72 0.73 0.77 0.78 0.75
2 5 17 0.79 0.78 0.82 0.74 0.78
3 25 7 0.68 0.67 0.68 0.65 0.67
4 25 17 0.63 0.70 0.70 0.69 0.68
5 35 7 0.66 0.73 0.67 0.63 0.67
6 35 17 0.72 0.66 0.73 0.68 0.70
7 55 7 0.71 0.70 0.74 0.77 0.73







(distances in feet) Wall
 
Table 81 - Two speakers, ceiling mounted, ½-watt power tap, tileboard, 61 dBA, furniture, 10’x20’ 
grid, experimental method, twenty-two grouped occupants 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: C - 1/2 25v amp Variables: Tileboard, 61 dBA, 22 occupants (s),
10'x20' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.76 0.80 0.79 0.76 0.78
2 5 17 0.81 0.74 0.81 0.80 0.79
3 25 7 0.70 0.69 0.71 0.74 0.71
4 25 17 0.68 0.72 0.66 0.70 0.69
5 35 7 0.73 0.67 0.70 0.73 0.71
6 35 17 0.66 0.71 0.72 0.66 0.69
7 55 7 0.84 0.78 0.84 0.81 0.82







(distances in feet) Wall
 
Table 82 - Two speakers, ceiling mounted, ½-watt power tap, tileboard, 61 dBA, furniture, 10’x20’ 
grid, experimental method, twenty-two scattered occupants 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, 22 occupants (g),
10'x20' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.69 0.71 0.76 0.73 0.72
2 5 17 0.73 0.69 0.73 0.73 0.72
3 25 7 0.73 0.65 0.67 0.73 0.70
4 25 17 0.70 0.64 0.67 0.70 0.68
5* 35 7 0.60 0.68 0.66 0.66 0.65
6* 35 17 0.73 0.70 0.63 0.60 0.67
7* 55 7 0.73 0.73 0.65 0.75 0.72
















Note: *=HVAC System On
Wall(distances in feet)
 
Table 83 - Four speakers, ceiling mounted, 1/8-watt power tap, carpet, 61 dBA, furniture, 10’x20’ 
grid, experimental method, twenty-two grouped occupants
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, 10 occupants (g),
10'x20' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1* 5 7 0.66 0.66 0.67 0.63 0.66
2* 5 17 0.67 0.65 0.68 0.64 0.66
3 25 7 0.64 0.74 0.71 0.66 0.69
4 25 17 0.71 0.68 0.69 0.64 0.68
5 35 7 0.70 0.72 0.72 0.73 0.72
6 35 17 0.68 0.69 0.74 0.68 0.70
7 55 7 0.74 0.74 0.73 0.74 0.74

















Note: *=HVAC System On  
Table 84 - Four speakers, ceiling mounted, 1/8-watt power tap, carpet, 61 dBA, furniture, 10’x20’ 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, 22 occupants (s),
10'x20' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.73 0.69 0.77 0.73 0.73
2 5 17 0.74 0.73 0.72 0.72 0.73
3 (c,d)* 25 7 0.65 0.65 0.61 0.64 0.64
4 25 17 0.71 0.73 0.73 0.66 0.71
5 35 7 0.70 0.71 0.68 0.68 0.69
6 (c,d)* 35 17 0.73 0.69 0.66 0.62 0.68
7* 55 7 0.70 0.70 0.71 0.68 0.70







Reading # AMBIENT SPL
1 34.0 46.0
2 34.0 47.0
3 (c,d)* 34.0 43.0
4 34.0 42.0
5 35.0 42.0




Note: *=HVAC System On  
Table 85 - Four speakers, ceiling mounted, 1/8-watt power tap, carpet, 61 dBA, furniture, 10’x20’ 
grid, experimental method, twenty-two scattered occupants 
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Mount Type: Ceiling Speaker Locations: 4 Speakers (corners)
Tap Settings: E - 1/8 25v amp Variables: Carpet, 61 dBA, 10 occupants (s),
10'x20' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.70 0.73 0.74 0.74 0.73
2 5 17 0.74 0.74 0.72 0.76 0.74
3 25 7 0.77 0.68 0.69 0.68 0.71
4 25 17 0.73 0.68 0.69 0.72 0.71
5 35 7 0.70 0.69 0.71 0.72 0.71
6 35 17 0.72 0.69 0.70 0.73 0.71
7 55 7 0.73 0.76 0.73 0.75 0.74

















Note: *=HVAC System On  
Table 86 - Four speakers, ceiling mounted, 1/8-watt power tap, carpet, 61 dBA, furniture, 10’x20’ 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: C - 1/2 25v amp Variables: Carpet, 61 dBA, 22 occupants (s),
10'x20' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.71 0.71 0.76 0.76 0.74
2 5 17 0.79 0.75 0.77 0.74 0.76
3 25 7 0.69 0.72 0.69 0.68 0.70
4 25 17 0.67 0.73 0.61 0.67 0.67
5 35 7 0.68 0.64 0.69 0.67 0.67
6 35 17 0.69 0.67 0.67 0.66 0.67
7* 55 7 0.75 0.79 0.72 0.74 0.75

















Note: *=HVAC System On
(distances in feet)
 
Table 87 - Two speakers, ceiling mounted, ½-watt power tap, carpet, 61 dBA, furniture, 10’x20’ grid, 
experimental method, twenty-two scattered occupants 
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Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: C - 1/2 25v amp Variables: Carpet, 61 dBA, 10 occupants (s),
10'x20' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.74 0.77 0.77 0.72 0.75
2 5 17 0.77 0.72 0.74 0.77 0.75
3 25 7 0.70 0.73 0.74 0.77 0.74
4 25 17 0.77 0.70 0.71 0.71 0.72
5 35 7 0.73 0.73 0.74 0.73 0.73
6 35 17 0.74 0.69 0.71 0.74 0.72
7* 55 7 0.74 0.79 0.80 0.78 0.78

















Note: *=HVAC System On  
Table 88 - Two speakers, ceiling mounted, ½-watt power tap, carpet, 61 dBA, furniture, 10’x20’ grid, 
experimental method, ten scattered occupants 
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9.4 Carpet Experiments at 78 dBA 
 
   158
Mount Type: Ceiling Speaker Locations: 2 speakers
Tap Settings: E - 1/8 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.78 0.77 0.78
2 5 10 0.77 0.77 0.77
3 5 15 0.82 0.81 0.82
4 5 20 0.81 0.81 0.81
5 10 5 0.77 0.77 0.77
6 10 10 0.81 0.82 0.82
7 10 15 0.84 0.81 0.83
8 10 20 0.81 0.78 0.80
9 15 5 0.77 0.77 0.77
10 15 10 0.79 0.77 0.78
11 15 15 0.78 0.77 0.78
12 15 20 0.77 0.79 0.78
13 20 5 0.78 0.81 0.80
14 20 10 0.78 0.74 0.76
15 20 15 0.79 0.74 0.77
16 20 20 0.77 0.82 0.80
17 25 5 0.79 0.77 0.78
18 25 10 0.79 0.79 0.79
19 25 15 0.79 0.77 0.78
20 25 20 0.79 0.76 0.78
21 30 5 0.74 0.73 0.74
22 30 10 0.74 0.78 0.76
23 30 15 0.78 0.79 0.79
24 30 20 0.77 0.79 0.78
25 35 5 0.77 0.77 0.77
26 35 10 0.79 0.79 0.79
27 35 15 0.79 0.78 0.79
28 35 20 0.78 0.78 0.78
29 40 5 0.74 0.77 0.76
30 40 10 0.81 0.77 0.79
31 40 15 0.78 0.77 0.78
32 40 20 0.74 0.79 0.77
33 45 5 0.77 0.79 0.78
34 45 10 0.78 0.77 0.78
35 45 15 0.82 0.83 0.83
36 45 20 0.79 0.79 0.79
37 50 5 0.79 0.77 0.78
38 50 10 0.81 0.84 0.83
39 50 15 0.85 0.82 0.84
40 50 20 0.79 0.78 0.79
41 55 5 0.79 0.79 0.79
42 55 10 0.80 0.79 0.80
43 55 15 0.81 0.81 0.81
44 55 20 0.80 0.82 0.81
45 28 23 0.76 0.71 0.78 0.77 0.76
46 23 12 0.79 0.79 0.72 0.78 0.77
47 19 15 0.80 0.75 0.76 0.79 0.78
48 42 11 0.75 0.78 0.75 0.77 0.76 Mean 0.78
49 52 18 0.83 0.79 0.81 0.81 0.81 Minimum 0.71
50 23 21 0.77 0.77 0.77 0.79 0.78 Maximum 0.85
51 3 1 0.75 0.75 0.73 0.76 0.75 Std Dev. 0.03






Table 89 - Two speakers, ceiling mounted, 1/8-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
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Mount Type: Ceiling Speaker Locations: 4 speakers (corners)
Tap Settings: E - 1/8 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.77 0.81 0.73 0.81 0.78
2 5 10 0.76 0.79 0.79 0.82 0.79
3 5 15 0.78 0.82 0.77 0.81 0.80
4 5 20 0.82 0.81 0.80 0.81 0.81
5 10 5 0.81 0.80 0.80 0.80 0.80
6 10 10 0.77 0.77 0.78 0.83 0.79
7 10 15 0.76 0.79 0.81 0.79 0.79
8 10 20 0.83 0.83 0.79 0.81 0.82
9 15 5 0.79 0.76 0.79 0.77 0.78
10 15 10 0.80 0.78 0.77 0.79 0.79
11 15 15 0.81 0.77 0.79 0.79 0.79
12 15 20 0.77 0.79 0.75 0.77 0.77
13 20 5 0.76 0.79 0.80 0.80 0.79
14 20 10 0.77 0.79 0.77 0.81 0.79
15 20 15 0.76 0.77 0.79 0.76 0.77
16 20 20 0.79 0.78 0.76 0.77 0.78
17 25 5 0.73 0.79 0.73 0.78 0.76
18 25 10 0.76 0.81 0.77 0.77 0.78
19 25 15 0.76 0.79 0.79 0.79 0.78
20 25 20 0.78 0.81 0.77 0.79 0.79
21 30 5 0.80 0.78 0.78 0.77 0.78
22 30 10 0.77 0.79 0.77 0.79 0.78
23 30 15 0.73 0.76 0.78 0.81 0.77
24 30 20 0.81 0.78 0.78 0.79 0.79
25 35 5 0.80 0.77 0.77 0.79 0.78
26 35 10 0.75 0.78 0.79 0.81 0.78
27 35 15 0.79 0.78 0.77 0.78 0.78
28 35 20 0.77 0.78 0.79 0.81 0.79
29 40 5 0.75 0.77 0.78 0.79 0.77
30 40 10 0.79 0.79 0.81 0.76 0.79
31 40 15 0.78 0.79 0.81 0.77 0.79
32 40 20 0.79 0.79 0.77 0.79 0.79
33 45 5 0.79 0.82 0.82 0.81 0.81
34 45 10 0.76 0.76 0.79 0.81 0.78
35 45 15 0.79 0.77 0.79 0.77 0.78
36 45 20 0.79 0.81 0.81 0.79 0.80
37 50 5 0.81 0.82 0.80 0.84 0.82
38 50 10 0.78 0.81 0.79 0.83 0.80
39 50 15 0.83 0.83 0.79 0.81 0.82
40 50 20 0.81 0.86 0.80 0.82 0.82
41 55 5 0.79 0.81 0.81 0.82 0.81
42 55 10 0.80 0.77 0.80 0.81 0.80
43 55 15 0.80 0.79 0.80 0.82 0.80
44 55 20 0.82 0.81 0.83 0.82 0.82
45 41 13 0.77 0.80 0.81 0.79 0.79
46 18 22 0.79 0.81 0.79 0.81 0.80
47 35 18 0.77 0.79 0.79 0.81 0.79
48 8 21 0.81 0.84 0.81 0.81 0.82 Mean 0.79
49 34 18 0.79 0.79 0.80 0.79 0.79 Minimum 0.73
50 57 4 0.83 0.82 0.82 0.81 0.82 Maximum 0.86
51 3 1 0.77 0.79 0.79 0.78 0.78 Std Dev. 0.02






Table 90 - Four speakers (corner), ceiling mounted, 1/8-watt power tap, carpet, 78 dBA, furniture, 
5’x5’ grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 4 speakers (middle)
Tap Settings: E - 1/8 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.81 0.79 0.80
2 5 10 0.83 0.83 0.83
3 5 15 0.82 0.82 0.82
4 5 20 0.84 0.82 0.83
5 10 5 0.80 0.81 0.81
6 10 10 0.83 0.84 0.84
7 10 15 0.84 0.84 0.84
8 10 20 0.78 0.83 0.81
9 15 5 0.84 0.82 0.83
10 15 10 0.80 0.82 0.81
11 15 15 0.82 0.81 0.82
12 15 20 0.79 0.77 0.78
13 20 5 0.81 0.77 0.79
14 20 10 0.83 0.83 0.83
15 20 15 0.82 0.85 0.84
16 20 20 0.82 0.83 0.83
17 25 5 0.80 0.81 0.81
18 25 10 0.82 0.81 0.82
19 25 15 0.84 0.83 0.84
20 25 20 0.83 0.84 0.84
21 30 5 0.80 0.84 0.82
22 30 10 0.79 0.81 0.80
23 30 15 0.82 0.84 0.83
24 30 20 0.77 0.76 0.77
25 35 5 0.81 0.81 0.81
26 35 10 0.83 0.84 0.84
27 35 15 0.81 0.86 0.84
28 35 20 0.83 0.81 0.82
29 40 5 0.79 0.80 0.80
30 40 10 0.84 0.83 0.84
31 40 15 0.81 0.83 0.82
32 40 20 0.84 0.86 0.85
33 45 5 0.81 0.81 0.81
34 45 10 0.79 0.81 0.80
35 45 15 0.84 0.84 0.84
36 45 20 0.83 0.82 0.83
37 50 5 0.84 0.83 0.84
38 50 10 0.85 0.86 0.86
39 50 15 0.87 0.87 0.87
40 50 20 0.82 0.84 0.83
41 55 5 0.83 0.84 0.84
42 55 10 0.79 0.81 0.80
43 55 15 0.87 0.86 0.87
44 55 20 0.84 0.85 0.85
45 36 15 0.83 0.84 0.84 0.87 0.85
46 44 22 0.81 0.84 0.81 0.83 0.82
47 11 8 0.82 0.83 0.82 0.81 0.82
48 16 13 0.83 0.75 0.83 0.81 0.81 Mean 0.82
49 32 22 0.81 0.83 0.81 0.80 0.81 Minimum 0.75
50 53 11 0.84 0.85 0.83 0.84 0.84 Maximum 0.87
51 3 1 0.80 0.82 0.77 0.79 0.80 Std Dev. 0.02






Table 91 - Four speakers (middle), ceiling mounted, 1/8-watt power tap, carpet, 78 dBA, furniture, 
5’x5’ grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 8 speakers
Tap Settings: E - 1/8 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.77 0.79 0.78
2 5 10 0.80 0.81 0.81
3 5 15 0.79 0.83 0.81
4 5 20 0.81 0.79 0.80
5 10 5 0.79 0.81 0.80
6 10 10 0.77 0.81 0.79
7 10 15 0.82 0.79 0.81
8 10 20 0.80 0.79 0.80
9 15 5 0.81 0.82 0.82
10 15 10 0.79 0.79 0.79
11 15 15 0.80 0.79 0.80
12 15 20 0.81 0.79 0.80
13 20 5 0.80 0.81 0.81
14 20 10 0.79 0.78 0.79
15 20 15 0.79 0.77 0.78
16 20 20 0.82 0.81 0.82
17 25 5 0.83 0.81 0.82
18 25 10 0.82 0.76 0.79
19 25 15 0.79 0.83 0.81
20 25 20 0.79 0.79 0.79
21 30 5 0.82 0.80 0.81
22 30 10 0.79 0.76 0.78
23 30 15 0.79 0.81 0.80
24 30 20 0.77 0.79 0.78
25 35 5 0.81 0.79 0.80
26 35 10 0.79 0.82 0.81
27 35 15 0.83 0.79 0.81
28 35 20 0.84 0.81 0.83
29 40 5 0.81 0.77 0.79
30 40 10 0.80 0.81 0.81
31 40 15 0.76 0.75 0.76
32 40 20 0.83 0.81 0.82
33 45 5 0.80 0.79 0.80
34 45 10 0.83 0.81 0.82
35 45 15 0.77 0.81 0.79
36 45 20 0.79 0.81 0.80
37 50 5 0.84 0.85 0.85
38 50 10 0.81 0.77 0.79
39 50 15 0.81 0.81 0.81
40 50 20 0.82 0.82 0.82
41 55 5 0.77 0.76 0.77
42 55 10 0.73 0.83 0.78
43 55 15 0.79 0.79 0.79
44 55 20 0.83 0.79 0.81
45 55 7 0.79 0.79 0.81 0.80 0.80
46 39 22 0.83 0.82 0.81 0.82 0.82
47 38 10 0.83 0.81 0.81 0.81 0.82
48 10 15 0.79 0.82 0.79 0.83 0.81 Mean 0.80
49 46 19 0.82 0.81 0.81 0.79 0.81 Minimum 0.73
50 12 22 0.81 0.81 0.79 0.79 0.80 Maximum 0.85
51 3 1 0.77 0.79 0.79 0.77 0.78 Std Dev. 0.02




(distances in feet) Wall
 
Table 92 - Eight speakers, ceiling mounted, 1/8-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
   162
Mount Type: Ceiling Speaker Locations: 12 speakers
Tap Settings: E - 1/8 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.81 0.79 0.80
2 5 10 0.82 0.81 0.82
3 5 15 0.83 0.83 0.83
4 5 20 0.82 0.83 0.83
5 10 5 0.83 0.83 0.83
6 10 10 0.81 0.82 0.82
7 10 15 0.81 0.81 0.81
8 10 20 0.83 0.83 0.83
9 15 5 0.79 0.83 0.81
10 15 10 0.83 0.83 0.83
11 15 15 0.83 0.85 0.84
12 15 20 0.81 0.79 0.80
13 20 5 0.85 0.83 0.84
14 20 10 0.81 0.83 0.82
15 20 15 0.78 0.77 0.78
16 20 20 0.82 0.81 0.82
17 25 5 0.82 0.83 0.83
18 25 10 0.81 0.83 0.82
19 25 15 0.84 0.79 0.82
20 25 20 0.81 0.80 0.81
21 30 5 0.81 0.83 0.82
22 30 10 0.81 0.79 0.80
23 30 15 0.83 0.80 0.82
24 30 20 0.78 0.84 0.81
25 35 5 0.81 0.83 0.82
26 35 10 0.84 0.82 0.83
27 35 15 0.81 0.82 0.82
28 35 20 0.83 0.81 0.82
29 40 5 0.79 0.83 0.81
30 40 10 0.86 0.83 0.85
31 40 15 0.83 0.81 0.82
32 40 20 0.86 0.84 0.85
33 45 5 0.81 0.84 0.83
34 45 10 0.81 0.84 0.83
35 45 15 0.84 0.82 0.83
36 45 20 0.81 0.80 0.81
37 50 5 0.84 0.82 0.83
38 50 10 0.79 0.81 0.80
39 50 15 0.82 0.82 0.82
40 50 20 0.82 0.84 0.83
41 55 5 0.81 0.82 0.82
42 55 10 0.82 0.81 0.82
43 55 15 0.87 0.81 0.84
44 55 20 0.82 0.81 0.82
45 56 14 0.80 0.82 0.82 0.85 0.82
46 14 9 0.81 0.81 0.84 0.84 0.83
47 24 1 0.81 0.82 0.83 0.83 0.82
48 51 12 0.83 0.85 0.82 0.84 0.84 Mean 0.82
49 59 7 0.81 0.81 0.85 0.83 0.83 Minimum 0.76
50 44 18 0.81 0.82 0.84 0.80 0.82 Maximum 0.87
51 3 1 0.81 0.81 0.79 0.76 0.79 Std Dev. 0.02






Table 93 - Twelve speakers, ceiling mounted, 1/8-watt power tap, carpet, 78 dBA, furniture, 5’x5’ 
grid, experimental method 
   163
Mount Type: Wall Speaker Locations: 1 speaker
Tap Settings: E - 1/8 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.81 0.77 0.79
2 5 10 0.79 0.76 0.78
3 5 15 0.83 0.83 0.83
4 5 20 0.79 0.79 0.79
5 10 5 0.80 0.76 0.78
6 10 10 0.79 0.75 0.77
7 10 15 0.77 0.81 0.79
8 10 20 0.79 0.79 0.79
9 15 5 0.78 0.75 0.77
10 15 10 0.78 0.82 0.80
11 15 15 0.79 0.76 0.78
12 15 20 0.80 0.76 0.78
13 20 5 0.75 0.73 0.74
14 20 10 0.79 0.79 0.79
15 20 15 0.80 0.79 0.80
16 20 20 0.76 0.72 0.74
17 25 5 0.77 0.76 0.77
18 25 10 0.75 0.77 0.76
19 25 15 0.81 0.76 0.79
20 25 20 0.77 0.73 0.75
21 30 5 0.73 0.79 0.76
22 30 10 0.77 0.77 0.77
23 30 15 0.75 0.77 0.76
24 30 20 0.77 0.73 0.75
25 35 5 0.77 0.74 0.76
26 35 10 0.73 0.72 0.73
27 35 15 0.79 0.75 0.77
28 35 20 0.77 0.76 0.77
29 40 5 0.77 0.79 0.78
30 40 10 0.73 0.77 0.75
31 40 15 0.73 0.75 0.74
32 40 20 0.76 0.74 0.75
33 45 5 0.76 0.77 0.77
34 45 10 0.73 0.75 0.74
35 45 15 0.73 0.71 0.72
36 45 20 0.76 0.77 0.77
37 50 5 0.73 0.76 0.75
38 50 10 0.73 0.78 0.76
39 50 15 0.72 0.77 0.75
40 50 20 0.77 0.73 0.75
41 55 5 0.77 0.77 0.77
42 55 10 0.77 0.76 0.77
43 55 15 0.76 0.76 0.76
44 55 20 0.76 0.79 0.78
45 11 23 0.82 0.81 0.81 0.82 0.82
46 35 20 0.74 0.73 0.74 0.73 0.74
47 46 1 0.75 0.75 0.72 0.76 0.75
48 25 13 0.77 0.77 0.76 0.77 0.77 Mean 0.76
49 58 13 0.74 0.75 0.72 0.75 0.74 Minimum 0.71
50 32 16 0.76 0.77 0.76 0.77 0.77 Maximum 0.83
51 3 1 0.79 0.78 0.75 0.77 0.77 Std Dev. 0.03







Table 94 - One speaker, wall mounted, 1/8-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
   164
Mount Type: Wall Speaker Locations: 2 speakers
Tap Settings: E - 1/8 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.82 0.83 0.83
2 5 10 0.77 0.81 0.79
3 5 15 0.81 0.79 0.80
4 5 20 0.83 0.84 0.84
5 10 5 0.78 0.80 0.79
6 10 10 0.79 0.79 0.79
7 10 15 0.81 0.78 0.80
8 10 20 0.79 0.77 0.78
9 15 5 0.79 0.81 0.80
10 15 10 0.79 0.79 0.79
11 15 15 0.79 0.79 0.79
12 15 20 0.76 0.77 0.77
13 20 5 0.77 0.80 0.79
14 20 10 0.78 0.77 0.78
15 20 15 0.77 0.76 0.77
16 20 20 0.77 0.79 0.78
17 25 5 0.79 0.78 0.79
18 25 10 0.75 0.77 0.76
19 25 15 0.79 0.74 0.77
20 25 20 0.79 0.77 0.78
21 30 5 0.76 0.79 0.78
22 30 10 0.79 0.77 0.78
23 30 15 0.75 0.77 0.76
24 30 20 0.77 0.77 0.77
25 35 5 0.77 0.74 0.76
26 35 10 0.77 0.76 0.77
27 35 15 0.76 0.77 0.77
28 35 20 0.77 0.78 0.78
29 40 5 0.74 0.76 0.75
30 40 10 0.77 0.76 0.77
31 40 15 0.76 0.76 0.76
32 40 20 0.77 0.77 0.77
33 45 5 0.75 0.74 0.75
34 45 10 0.73 0.77 0.75
35 45 15 0.74 0.77 0.76
36 45 20 0.77 0.75 0.76
37 50 5 0.77 0.77 0.77
38 50 10 0.78 0.78 0.78
39 50 15 0.76 0.79 0.78
40 50 20 0.77 0.80 0.79
41 55 5 0.77 0.78 0.78
42 55 10 0.77 0.75 0.76
43 55 15 0.75 0.77 0.76
44 55 20 0.77 0.76 0.77
45 15 10 0.80 0.80 0.81 0.79 0.80
46 53 15 0.77 0.79 0.79 0.77 0.78
47 18 10 0.79 0.79 0.78 0.80 0.79
48 3 10 0.81 0.80 0.82 0.79 0.81 Mean 0.78
49 37 19 0.78 0.76 0.76 0.78 0.77 Minimum 0.73
50 17 15 0.77 0.78 0.79 0.78 0.78 Maximum 0.84
51 3 1 0.79 0.78 0.82 0.77 0.79 Std Dev. 0.02






Table 95 - Two speakers, wall mounted, 1/8-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
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Mount Type: Ceiling Speaker Locations: 2 speakers
Tap Settings: D - 1/4 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.80 0.81 0.81
2 5 10 0.83 0.81 0.82
3 5 15 0.81 0.83 0.82
4 5 20 0.81 0.83 0.82
5 10 5 0.77 0.75 0.76
6 10 10 0.86 0.84 0.85
7 10 15 0.83 0.85 0.84
8 10 20 0.79 0.78 0.79
9 15 5 0.81 0.77 0.79
10 15 10 0.79 0.77 0.78
11 15 15 0.83 0.81 0.82
12 15 20 0.81 0.82 0.82
13 20 5 0.79 0.80 0.80
14 20 10 0.76 0.81 0.79
15 20 15 0.70 0.75 0.73
16 20 20 0.79 0.80 0.80
17 25 5 0.77 0.72 0.75
18 25 10 0.79 0.80 0.80
19 25 15 0.79 0.79 0.79
20 25 20 0.79 0.75 0.77
21 30 5 0.73 0.79 0.76
22 30 10 0.79 0.73 0.76
23 30 15 0.77 0.79 0.78
24 30 20 0.79 0.79 0.79
25 35 5 0.79 0.79 0.79
26 35 10 0.77 0.77 0.77
27 35 15 0.79 0.83 0.81
28 35 20 0.80 0.76 0.78
29 40 5 0.78 0.75 0.77
30 40 10 0.77 0.77 0.77
31 40 15 0.77 0.79 0.78
32 40 20 0.83 0.77 0.80
33 45 5 0.80 0.79 0.80
34 45 10 0.79 0.76 0.78
35 45 15 0.77 0.80 0.79
36 45 20 0.84 0.81 0.83
37 50 5 0.81 0.80 0.81
38 50 10 0.84 0.83 0.84
39 50 15 0.84 0.86 0.85
40 50 20 0.80 0.81 0.81
41 55 5 0.80 0.83 0.82
42 55 10 0.83 0.79 0.81
43 55 15 0.86 0.83 0.85
44 55 20 0.83 0.83 0.83
45 23 10 0.78 0.78 0.79 0.73 0.77
46 0 10 0.82 0.80 0.79 0.78 0.80
47 33 1 0.79 0.81 0.77 0.73 0.78
48 16 22 0.79 0.81 0.79 0.76 0.79 Mean 0.79
49 32 21 0.75 0.79 0.80 0.79 0.78 Minimum 0.70
50 39 16 0.79 0.77 0.76 0.89 0.80 Maximum 0.89
51 3 1 0.79 0.79 0.79 0.73 0.78 Std Dev. 0.03






Table 96 - Two speakers, ceiling mounted, ¼-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
   166
Mount Type: Ceiling Speaker Locations: 4 speakers (corners)
Tap Settings: D - 1/4 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.80 0.80 0.80
2 5 10 0.81 0.79 0.80
3 5 15 0.78 0.80 0.79
4 5 20 0.81 0.82 0.82
5 10 5 0.81 0.83 0.82
6 10 10 0.81 0.81 0.81
7 10 15 0.79 0.79 0.79
8 10 20 0.82 0.84 0.83
9 15 5 0.83 0.78 0.81
10 15 10 0.82 0.81 0.82
11 15 15 0.83 0.78 0.81
12 15 20 0.79 0.80 0.80
13 20 5 0.77 0.76 0.77
14 20 10 0.76 0.74 0.75
15 20 15 0.73 0.74 0.74
16 20 20 0.79 0.78 0.79
17 25 5 0.80 0.79 0.80
18 25 10 0.80 0.79 0.80
19 25 15 0.79 0.78 0.79
20 25 20 0.79 0.79 0.79
21 30 5 0.76 0.76 0.76
22 30 10 0.79 0.74 0.77
23 30 15 0.78 0.82 0.80
24 30 20 0.79 0.79 0.79
25 35 5 0.76 0.77 0.77
26 35 10 0.81 0.82 0.82
27 35 15 0.78 0.82 0.80
28 35 20 0.81 0.83 0.82
29 40 5 0.80 0.76 0.78
30 40 10 0.79 0.76 0.78
31 40 15 0.78 0.81 0.80
32 40 20 0.78 0.81 0.80
33 45 5 0.81 0.83 0.82
34 45 10 0.79 0.83 0.81
35 45 15 0.81 0.81 0.81
36 45 20 0.81 0.79 0.80
37 50 5 0.86 0.85 0.86
38 50 10 0.79 0.81 0.80
39 50 15 0.79 0.73 0.76
40 50 20 0.83 0.83 0.83
41 55 5 0.82 0.81 0.82
42 55 10 0.81 0.81 0.81
43 55 15 0.83 0.84 0.84
44 55 20 0.83 0.79 0.81
45 9 23 0.82 0.84 0.86 0.84 0.84
46 25 2 0.81 0.84 0.78 0.76 0.80
47 29 21 0.79 0.77 0.83 0.80 0.80
48 2 7 0.80 0.79 0.80 0.81 0.80 Mean 0.80
49 55 20 0.83 0.84 0.83 0.85 0.84 Minimum 0.73
50 54 12 0.79 0.78 0.81 0.79 0.79 Maximum 0.86
51 3 1 0.78 0.79 0.82 0.77 0.79 Std Dev. 0.03






Table 97 - Four speakers (corners), ceiling mounted, ¼-watt power tap, carpet, 78 dBA, furniture, 
5’x5’ grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 4 speakers (middle)
Tap Settings: D - 1/4 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.78 0.80 0.79
2 5 10 0.77 0.77 0.77
3 5 15 0.79 0.78 0.79
4 5 20 0.79 0.84 0.82
5 10 5 0.78 0.73 0.76
6 10 10 0.78 0.84 0.81
7 10 15 0.81 0.82 0.82
8 10 20 0.81 0.82 0.82
9 15 5 0.76 0.77 0.77
10 15 10 0.78 0.80 0.79
11 15 15 0.79 0.80 0.80
12 15 20 0.85 0.79 0.82
13 20 5 0.79 0.81 0.80
14 20 10 0.83 0.83 0.83
15 20 15 0.80 0.82 0.81
16 20 20 0.79 0.81 0.80
17 25 5 0.80 0.79 0.80
18 25 10 0.81 0.83 0.82
19 25 15 0.85 0.79 0.82
20 25 20 0.80 0.81 0.81
21 30 5 0.79 0.81 0.80
22 30 10 0.80 0.80 0.80
23 30 15 0.82 0.85 0.84
24 30 20 0.81 0.81 0.81
25 35 5 0.81 0.81 0.81
26 35 10 0.83 0.81 0.82
27 35 15 0.81 0.84 0.83
28 35 20 0.81 0.81 0.81
29 40 5 0.79 0.79 0.79
30 40 10 0.81 0.81 0.81
31 40 15 0.79 0.78 0.79
32 40 20 0.80 0.81 0.81
33 45 5 0.81 0.81 0.81
34 45 10 0.79 0.80 0.80
35 45 15 0.84 0.79 0.82
36 45 20 0.81 0.81 0.81
37 50 5 0.84 0.82 0.83
38 50 10 0.79 0.84 0.82
39 50 15 0.83 0.85 0.84
40 50 20 0.83 0.82 0.83
41 55 5 0.83 0.76 0.80
42 55 10 0.81 0.83 0.82
43 55 15 0.83 0.84 0.84
44 55 20 0.83 0.84 0.84
45 14 15 0.81 0.80 0.82 0.81 0.81
46 25 8 0.81 0.81 0.80 0.83 0.81
47 53 23 0.79 0.81 0.81 0.81 0.81
48 57 6 0.79 0.82 0.81 0.80 0.81 Mean 0.81
49 13 18 0.81 0.79 0.79 0.81 0.80 Minimum 0.73
50 59 22 0.76 0.82 0.76 0.82 0.79 Maximum 0.85
51 3 1 0.77 0.81 0.77 0.75 0.78 Std Dev. 0.02






Table 98 - Four speakers (middle), ceiling mounted, ¼-watt power tap, carpet, 78 dBA, furniture, 
5’x5’ grid, experimental method 
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Mount Type: Ceiling Speaker Locations: 8 speakers
Tap Settings: D - 1/4 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.83 0.84 0.84
2 5 10 0.81 0.79 0.80
3 5 15 0.78 0.79 0.79
4 5 20 0.83 0.82 0.83
5 10 5 0.79 0.83 0.81
6 10 10 0.81 0.80 0.81
7 10 15 0.81 0.79 0.80
8 10 20 0.83 0.85 0.84
9 15 5 0.81 0.83 0.82
10 15 10 0.81 0.82 0.82
11 15 15 0.83 0.81 0.82
12 15 20 0.81 0.79 0.80
13 20 5 0.82 0.80 0.81
14 20 10 0.84 0.79 0.82
15 20 15 0.79 0.83 0.81
16 20 20 0.83 0.81 0.82
17 25 5 0.81 0.79 0.80
18 25 10 0.83 0.83 0.83
19 25 15 0.83 0.83 0.83
20 25 20 0.81 0.82 0.82
21 30 5 0.82 0.82 0.82
22 30 10 0.83 0.83 0.83
23 30 15 0.82 0.78 0.80
24 30 20 0.82 0.83 0.83
25 35 5 0.83 0.83 0.83
26 35 10 0.84 0.83 0.84
27 35 15 0.81 0.84 0.83
28 35 20 0.81 0.83 0.82
29 40 5 0.79 0.84 0.82
30 40 10 0.84 0.82 0.83
31 40 15 0.83 0.82 0.83
32 40 20 0.84 0.81 0.83
33 45 5 0.81 0.83 0.82
34 45 10 0.78 0.82 0.80
35 45 15 0.82 0.81 0.82
36 45 20 0.80 0.80 0.80
37 50 5 0.84 0.86 0.85
38 50 10 0.81 0.83 0.82
39 50 15 0.81 0.80 0.81
40 50 20 0.83 0.84 0.84
41 55 5 0.81 0.79 0.80
42 55 10 0.82 0.84 0.83
43 55 15 0.82 0.84 0.83
44 55 20 0.82 0.77 0.80
45 48 16 0.82 0.79 0.78 0.84 0.81
46 57 15 0.83 0.83 0.81 0.83 0.83
47 20 9 0.79 0.82 0.81 0.81 0.81
48 23 7 0.83 0.80 0.82 0.82 0.82 Mean 0.82
49 34 8 0.81 0.79 0.81 0.84 0.81 Minimum 0.77
50 25 10 0.80 0.81 0.80 0.82 0.81 Maximum 0.86
51 3 1 0.83 0.81 0.79 0.79 0.81 Std Dev. 0.02






Table 99 - Eight speakers, ceiling mounted, ¼-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
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Mount Type: Ceiling Speaker Locations: 12 Speakers
Tap Settings: D - 1/4 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.81 0.82 0.82
2 5 10 0.80 0.79 0.80
3 5 15 0.81 0.83 0.82
4 5 20 0.86 0.84 0.85
5 10 5 0.80 0.81 0.81
6 10 10 0.77 0.81 0.79
7 10 15 0.84 0.82 0.83
8 10 20 0.80 0.80 0.80
9 15 5 0.79 0.81 0.80
10 15 10 0.84 0.84 0.84
11 15 15 0.83 0.79 0.81
12 15 20 0.80 0.77 0.79
13 20 5 0.86 0.80 0.83
14 20 10 0.82 0.83 0.83
15 20 15 0.83 0.77 0.80
16 20 20 0.80 0.83 0.82
17 25 5 0.83 0.82 0.83
18 25 10 0.80 0.83 0.82
19 25 15 0.83 0.80 0.82
20 25 20 0.81 0.81 0.81
21 30 5 0.81 0.81 0.81
22 30 10 0.83 0.80 0.82
23 30 15 0.81 0.82 0.82
24 30 20 0.82 0.82 0.82
25 35 5 0.81 0.83 0.82
26 35 10 0.81 0.83 0.82
27 35 15 0.83 0.83 0.83
28 35 20 0.83 0.82 0.83
29 40 5 0.80 0.81 0.81
30 40 10 0.81 0.77 0.79
31 40 15 0.79 0.79 0.79
32 40 20 0.79 0.81 0.80
33 45 5 0.86 0.80 0.83
34 45 10 0.81 0.84 0.83
35 45 15 0.81 0.82 0.82
36 45 20 0.82 0.84 0.83
37 50 5 0.83 0.84 0.84
38 50 10 0.82 0.84 0.83
39 50 15 0.84 0.84 0.84
40 50 20 0.81 0.82 0.82
41 55 5 0.83 0.83 0.83
42 55 10 0.80 0.81 0.81
43 55 15 0.84 0.84 0.84
44 55 20 0.81 0.79 0.80
45 55 21 0.85 0.81 0.79 0.84 0.82
46 28 4 0.81 0.81 0.81 0.80 0.81
47 2 19 0.82 0.81 0.82 0.80 0.81
48 11 6 0.81 0.79 0.79 0.81 0.80 Mean 0.81
49 29 21 0.81 0.83 0.83 0.81 0.82 Minimum 0.73
50 24 9 0.84 0.81 0.80 0.79 0.81 Maximum 0.86
51 3 1 0.73 0.83 0.76 0.79 0.78 Std Dev. 0.02






Table 100 - Twelve speakers, ceiling mounted, ¼-watt power tap, carpet, 78 dBA, furniture, 5’x5’ 
grid, experimental method 
   170
Mount Type: Wall Speaker Locations: 1 speaker
Tap Settings: D - 1/4 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.78 0.81 0.80
2 5 10 0.79 0.82 0.81
3 5 15 0.79 0.81 0.80
4 5 20 0.79 0.80 0.80
5 10 5 0.80 0.77 0.79
6 10 10 0.79 0.79 0.79
7 10 15 0.80 0.83 0.82
8 10 20 0.78 0.77 0.78
9 15 5 0.79 0.83 0.81
10 15 10 0.78 0.77 0.78
11 15 15 0.81 0.82 0.82
12 15 20 0.80 0.77 0.79
13 20 5 0.74 0.76 0.75
14 20 10 0.79 0.81 0.80
15 20 15 0.77 0.77 0.77
16 20 20 0.80 0.77 0.79
17 25 5 0.75 0.75 0.75
18 25 10 0.74 0.77 0.76
19 25 15 0.80 0.78 0.79
20 25 20 0.76 0.79 0.78
21 30 5 0.77 0.78 0.78
22 30 10 0.78 0.77 0.78
23 30 15 0.75 0.73 0.74
24 30 20 0.80 0.77 0.79
25 35 5 0.75 0.79 0.77
26 35 10 0.74 0.75 0.75
27 35 15 0.79 0.76 0.78
28 35 20 0.77 0.77 0.77
29 40 5 0.76 0.75 0.76
30 40 10 0.79 0.80 0.80
31 40 15 0.74 0.76 0.75
32 40 20 0.78 0.76 0.77
33 45 5 0.75 0.73 0.74
34 45 10 0.76 0.76 0.76
35 45 15 0.74 0.77 0.76
36 45 20 0.76 0.75 0.76
37 50 5 0.77 0.77 0.77
38 50 10 0.77 0.74 0.76
39 50 15 0.76 0.75 0.76
40 50 20 0.77 0.75 0.76
41 55 5 0.78 0.75 0.77
42 55 10 0.76 0.79 0.78
43 55 15 0.79 0.77 0.78
44 55 20 0.78 0.77 0.78
45 14 8 0.77 0.81 0.79 0.78 0.79
46 50 16 0.77 0.76 0.75 0.75 0.76
47 55 16 0.79 0.77 0.73 0.77 0.77
48 27 11 0.77 0.79 0.74 0.79 0.77 Mean 0.77
49 18 22 0.80 0.76 0.80 0.79 0.79 Minimum 0.73
50 3 2 0.78 0.77 0.78 0.75 0.77 Maximum 0.83
51 3 1 0.80 0.74 0.79 0.77 0.78 Std Dev. 0.02






Table 101 - One speaker, wall mounted, ¼-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
   171
Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: C - 1/2 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.83 0.83 0.83
2 5 10 0.79 0.79 0.79
3 5 15 0.83 0.84 0.84
4 5 20 0.80 0.79 0.80
5 10 5 0.80 0.79 0.80
6 10 10 0.82 0.83 0.83
7 10 15 0.83 0.86 0.85
8 10 20 0.80 0.80 0.80
9 15 5 0.79 0.77 0.78
10 15 10 0.78 0.77 0.78
11 15 15 0.81 0.82 0.82
12 15 20 0.79 0.81 0.80
13 20 5 0.77 0.79 0.78
14 20 10 0.83 0.82 0.83
15 20 15 0.81 0.79 0.80
16 20 20 0.81 0.81 0.81
17 25 5 0.82 0.80 0.81
18 25 10 0.79 0.81 0.80
19 25 15 0.79 0.83 0.81
20 25 20 0.80 0.81 0.81
21 30 5 0.78 0.82 0.80
22 30 10 0.82 0.81 0.82
23 30 15 0.79 0.81 0.80
24 30 20 0.83 0.83 0.83
25 35 5 0.83 0.82 0.83
26 35 10 0.81 0.82 0.82
27 35 15 0.81 0.81 0.81
28 35 20 0.81 0.80 0.81
29 40 5 0.82 0.79 0.81
30 40 10 0.80 0.79 0.80
31 40 15 0.80 0.81 0.81
32 40 20 0.79 0.81 0.80
33 45 5 0.81 0.79 0.80
34 45 10 0.83 0.79 0.81
35 45 15 0.83 0.82 0.83
36 45 20 0.83 0.82 0.83
37 50 5 0.78 0.84 0.81
38 50 10 0.81 0.84 0.83
39 50 15 0.84 0.84 0.84
40 50 20 0.79 0.77 0.78 Mean 0.81
41 55 5 0.79 0.80 0.80 Minimum 0.77
42 55 10 0.84 0.83 0.84 Maximum 0.87
43 55 15 0.87 0.83 0.85 Std Dev. 0.02
44 55 20 0.83 0.83 0.83
Room 
Intelligibility 0.79
(distances in feet) Wall
 
Table 102 - Two speakers, ceiling mounted, ½-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
   172
Mount Type: Wall Speaker Locations: 1 speaker
Tap Settings: C - 1/2 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.77 0.81 0.79
2 5 10 0.84 0.79 0.82
3 5 15 0.81 0.82 0.82
4 5 20 0.81 0.79 0.80
5 10 5 0.77 0.78 0.78
6 10 10 0.81 0.78 0.80
7 10 15 0.78 0.80 0.79
8 10 20 0.79 0.77 0.78
9 15 5 0.78 0.77 0.78
10 15 10 0.78 0.82 0.80
11 15 15 0.79 0.81 0.80
12 15 20 0.77 0.78 0.78
13 20 5 0.75 0.79 0.77
14 20 10 0.79 0.82 0.81
15 20 15 0.79 0.82 0.81
16 20 20 0.79 0.77 0.78
17 25 5 0.79 0.79 0.79
18 25 10 0.75 0.76 0.76
19 25 15 0.83 0.78 0.81
20 25 20 0.79 0.77 0.78
21 30 5 0.75 0.75 0.75
22 30 10 0.76 0.83 0.80
23 30 15 0.77 0.77 0.77
24 30 20 0.79 0.78 0.79
25 35 5 0.76 0.79 0.78
26 35 10 0.76 0.76 0.76
27 35 15 0.77 0.74 0.76
28 35 20 0.78 0.78 0.78
29 40 5 0.75 0.77 0.76
30 40 10 0.77 0.73 0.75
31 40 15 0.76 0.74 0.75
32 40 20 0.77 0.78 0.78
33 45 5 0.77 0.77 0.77
34 45 10 0.78 0.79 0.79
35 45 15 0.77 0.78 0.78
36 45 20 0.77 0.77 0.77
37 50 5 0.76 0.79 0.78
38 50 10 0.75 0.75 0.75
39 50 15 0.75 0.78 0.77
40 50 20 0.76 0.75 0.76
41 55 5 0.79 0.75 0.77
42 55 10 0.77 0.80 0.79
43 55 15 0.78 0.77 0.78
44 55 20 0.81 0.75 0.78
45 23 13 0.77 0.77 0.79 0.76 0.77
46 39 21 0.79 0.77 0.75 0.79 0.78
47 58 20 0.78 0.77 0.78 0.77 0.78
48 23 21 0.79 0.77 0.77 0.79 0.78 Mean 0.78
49 22 8 0.77 0.79 0.77 0.73 0.77 Minimum 0.73
50 13 11 0.81 0.77 0.79 0.81 0.80 Maximum 0.84
51 3 1 0.77 0.79 0.79 0.81 0.79 Std Dev. 0.02






Table 103 - One speaker, wall mounted, ½-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
   173
Mount Type: Wall Speaker Locations: 2 speakers
Tap Settings: C - 1/2 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.79 0.79 0.79
2 5 10 0.82 0.81 0.82
3 5 15 0.81 0.80 0.81
4 5 20 0.83 0.80 0.82
5 10 5 0.80 0.81 0.81
6 10 10 0.79 0.80 0.80
7 10 15 0.79 0.79 0.79
8 10 20 0.78 0.79 0.79
9 15 5 0.80 0.77 0.79
10 15 10 0.76 0.77 0.77
11 15 15 0.79 0.81 0.80
12 15 20 0.78 0.81 0.80
13 20 5 0.79 0.81 0.80
14 20 10 0.77 0.77 0.77
15 20 15 0.77 0.79 0.78
16 20 20 0.80 0.74 0.77
17 25 5 0.77 0.74 0.76
18 25 10 0.76 0.81 0.79
19 25 15 0.77 0.74 0.76
20 25 20 0.74 0.78 0.76
21 30 5 0.77 0.78 0.78
22 30 10 0.77 0.77 0.77
23 30 15 0.75 0.75 0.75
24 30 20 0.79 0.77 0.78
25 35 5 0.76 0.76 0.76
26 35 10 0.76 0.77 0.77
27 35 15 0.77 0.77 0.77
28 35 20 0.77 0.79 0.78
29 40 5 0.73 0.78 0.76
30 40 10 0.76 0.77 0.77
31 40 15 0.76 0.78 0.77
32 40 20 0.76 0.77 0.77
33 45 5 0.74 0.75 0.75
34 45 10 0.76 0.78 0.77
35 45 15 0.74 0.79 0.77
36 45 20 0.78 0.77 0.78
37 50 5 0.77 0.77 0.77
38 50 10 0.79 0.77 0.78
39 50 15 0.74 0.77 0.76
40 50 20 0.76 0.76 0.76
41 55 5 0.77 0.77 0.77
42 55 10 0.77 0.77 0.77
43 55 15 0.79 0.76 0.78
44 55 20 0.79 0.77 0.78
45 58 8 0.76 0.78 0.72 0.77 0.76
46 30 15 0.75 0.73 0.75 0.78 0.75
47 27 21 0.77 0.77 0.77 0.78 0.77
48 12 6 0.79 0.81 0.79 0.81 0.80 Mean 0.78
49 45 11 0.79 0.77 0.78 0.80 0.79 Minimum 0.72
50 59 22 0.77 0.79 0.73 0.77 0.77 Maximum 0.83
51 3 1 0.80 0.81 0.78 0.79 0.80 Std Dev. 0.02




(distances in feet) Wall
 
Table 104 - Two speakers, wall mounted, ½-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
   174
Mount Type: Ceiling Speaker Locations: 2 speakers
Tap Settings: B - 1.0 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.81 0.78 0.80
2 5 10 0.77 0.79 0.78
3 5 15 0.81 0.81 0.81
4 5 20 0.81 0.81 0.81
5 10 5 0.79 0.79 0.79
6 10 10 0.83 0.81 0.82
7 10 15 0.79 0.79 0.79
8 10 20 0.80 0.79 0.80
9 15 5 0.79 0.77 0.78
10 15 10 0.77 0.77 0.77
11 15 15 0.81 0.77 0.79
12 15 20 0.79 0.81 0.80
13 20 5 0.78 0.79 0.79
14 20 10 0.81 0.81 0.81
15 20 15 0.79 0.78 0.79
16 20 20 0.81 0.79 0.80
17 25 5 0.77 0.81 0.79
18 25 10 0.81 0.81 0.81
19 25 15 0.79 0.81 0.80
20 25 20 0.79 0.81 0.80
21 30 5 0.77 0.77 0.77
22 30 10 0.83 0.81 0.82
23 30 15 0.77 0.77 0.77
24 30 20 0.79 0.79 0.79
25 35 5 0.81 0.80 0.81
26 35 10 0.81 0.79 0.80
27 35 15 0.79 0.82 0.81
28 35 20 0.80 0.79 0.80
29 40 5 0.79 0.74 0.77
30 40 10 0.78 0.80 0.79
31 40 15 0.79 0.79 0.79
32 40 20 0.77 0.79 0.78
33 45 5 0.78 0.81 0.80
34 45 10 0.80 0.74 0.77
35 45 15 0.79 0.78 0.79
36 45 20 0.83 0.80 0.82
37 50 5 0.84 0.79 0.82
38 50 10 0.80 0.81 0.81
39 50 15 0.84 0.82 0.83
40 50 20 0.80 0.82 0.81
41 55 5 0.81 0.79 0.80
42 55 10 0.79 0.83 0.81
43 55 15 0.83 0.81 0.82
44 55 20 0.80 0.79 0.80
45 38 7 0.80 0.79 0.76 0.77 0.78
46 52 22 0.79 0.80 0.79 0.80 0.80
47 22 17 0.80 0.81 0.79 0.78 0.80
48 50 21 0.79 0.80 0.81 0.80 0.80 Mean 0.80
49 57 16 0.82 0.79 0.81 0.81 0.81 Minimum 0.74
50 2 5 0.79 0.81 0.79 0.77 0.79 Maximum 0.84
51 3 1 0.79 0.78 0.80 0.77 0.79 Std Dev. 0.02






Table 105 - Two speakers, ceiling mounted, 1-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
   175
Mount Type: Ceiling Speaker Locations: 4 speakers (corners)
Tap Settings: B - 1.0 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.81 0.84 0.83
2 5 10 0.84 0.82 0.83
3 5 15 0.80 0.79 0.80
4 5 20 0.83 0.83 0.83
5 10 5 0.83 0.83 0.83
6 10 10 0.82 0.77 0.80
7 10 15 0.83 0.82 0.83
8 10 20 0.85 0.88 0.87
9 15 5 0.84 0.81 0.83
10 15 10 0.82 0.81 0.82
11 15 15 0.83 0.81 0.82
12 15 20 0.79 0.81 0.80
13 20 5 0.82 0.82 0.82
14 20 10 0.81 0.79 0.80
15 20 15 0.83 0.78 0.81
16 20 20 0.80 0.81 0.81
17 25 5 0.77 0.80 0.79
18 25 10 0.83 0.82 0.83
19 25 15 0.79 0.82 0.81
20 25 20 0.82 0.84 0.83
21 30 5 0.82 0.81 0.82
22 30 10 0.83 0.83 0.83
23 30 15 0.83 0.81 0.82
24 30 20 0.80 0.81 0.81
25 35 5 0.82 0.83 0.83
26 35 10 0.85 0.85 0.85
27 35 15 0.80 0.81 0.81
28 35 20 0.83 0.83 0.83
29 40 5 0.82 0.81 0.82
30 40 10 0.82 0.81 0.82
31 40 15 0.81 0.82 0.82
32 40 20 0.82 0.79 0.81
33 45 5 0.82 0.82 0.82
34 45 10 0.84 0.83 0.84
35 45 15 0.83 0.84 0.84
36 45 20 0.85 0.83 0.84
37 50 5 0.84 0.87 0.86
38 50 10 0.80 0.84 0.82
39 50 15 0.81 0.82 0.82
40 50 20 0.83 0.86 0.85
41 55 5 0.82 0.84 0.83
42 55 10 0.82 0.83 0.83
43 55 15 0.84 0.84 0.84
44 55 20 0.83 0.83 0.83
45 13 9 0.82 0.79 0.84 0.84 0.82
46 0 19 0.84 0.83 0.81 0.81 0.82
47 49 9 0.85 0.79 0.84 0.83 0.83
48 13 18 0.82 0.83 0.83 0.85 0.83 Mean 0.82
49 33 15 0.82 0.86 0.78 0.81 0.82 Minimum 0.77
50 26 18 0.79 0.79 0.79 0.79 0.79 Maximum 0.88
51 3 1 0.81 0.80 0.81 0.81 0.81 Std Dev. 0.02






Table 106 - Four speakers (corners), ceiling mounted, 1-watt power tap, carpet, 78 dBA, furniture, 
5’x5’ grid, experimental method  
   176
Mount Type: Ceiling Speaker Locations: 4 speakers (middle)
Tap Settings: B - 1.0 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.78 0.76 0.77
2 5 10 0.78 0.79 0.79
3 5 15 0.81 0.79 0.80
4 5 20 0.81 0.81 0.81
5 10 5 0.77 0.78 0.78
6 10 10 0.81 0.81 0.81
7 10 15 0.81 0.79 0.80
8 10 20 0.80 0.79 0.80
9 15 5 0.81 0.80 0.81
10 15 10 0.75 0.80 0.78
11 15 15 0.81 0.81 0.81
12 15 20 0.79 0.81 0.80
13 20 5 0.77 0.76 0.77
14 20 10 0.80 0.80 0.80
15 20 15 0.80 0.81 0.81
16 20 20 0.79 0.76 0.78
17 25 5 0.80 0.77 0.79
18 25 10 0.77 0.79 0.78
19 25 15 0.81 0.81 0.81
20 25 20 0.77 0.81 0.79
21 30 5 0.77 0.80 0.79
22 30 10 0.78 0.79 0.79
23 30 15 0.79 0.82 0.81
24 30 20 0.79 0.76 0.78
25 35 5 0.81 0.77 0.79
26 35 10 0.79 0.79 0.79
27 35 15 0.80 0.81 0.81
28 35 20 0.77 0.81 0.79
29 40 5 0.78 0.77 0.78
30 40 10 0.81 0.77 0.79
31 40 15 0.77 0.79 0.78
32 40 20 0.79 0.80 0.80
33 45 5 0.78 0.76 0.77
34 45 10 0.77 0.78 0.78
35 45 15 0.79 0.80 0.80
36 45 20 0.78 0.78 0.78
37 50 5 0.80 0.79 0.80
38 50 10 0.79 0.83 0.81
39 50 15 0.83 0.82 0.83
40 50 20 0.79 0.77 0.78
41 55 5 0.79 0.77 0.78
42 55 10 0.79 0.79 0.79
43 55 15 0.82 0.81 0.82
44 55 20 0.81 0.81 0.81
45 38 23 0.78 0.77 0.74 0.74 0.76
46 47 4 0.79 0.79 0.79 0.79 0.79
47 49 23 0.80 0.79 0.80 0.81 0.80
48 14 19 0.81 0.79 0.78 0.81 0.80 Mean 0.79
49 53 9 0.80 0.80 0.79 0.76 0.79 Minimum 0.72
50 14 9 0.77 0.77 0.77 0.79 0.78 Maximum 0.83
51 3 1 0.78 0.73 0.75 0.72 0.75 Std Dev. 0.02




(distances in feet) Wall
 
Table 107 - Four speakers (middle), ceiling mounted, 1-watt power tap, carpet, 78 dBA, furniture, 
5’x5’ grid, experimental method 
   177
Mount Type: Ceiling Speaker Locations: 8 speakers
Tap Settings: B - 1.0 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.80 0.81 0.81
2 5 10 0.79 0.80 0.80
3 5 15 0.81 0.82 0.82
4 5 20 0.81 0.83 0.82
5 10 5 0.81 0.80 0.81
6 10 10 0.81 0.83 0.82
7 10 15 0.81 0.83 0.82
8 10 20 0.81 0.83 0.82
9 15 5 0.81 0.83 0.82
10 15 10 0.83 0.83 0.83
11 15 15 0.80 0.80 0.80
12 15 20 0.80 0.78 0.79
13 20 5 0.81 0.83 0.82
14 20 10 0.81 0.83 0.82
15 20 15 0.79 0.77 0.78
16 20 20 0.81 0.83 0.82
17 25 5 0.81 0.82 0.82
18 25 10 0.81 0.80 0.81
19 25 15 0.82 0.81 0.82
20 25 20 0.81 0.81 0.81
21 30 5 0.83 0.83 0.83
22 30 10 0.81 0.79 0.80
23 30 15 0.83 0.85 0.84
24 30 20 0.83 0.84 0.84
25 35 5 0.82 0.82 0.82
26 35 10 0.84 0.83 0.84
27 35 15 0.79 0.81 0.80
28 35 20 0.83 0.82 0.83
29 40 5 0.84 0.82 0.83
30 40 10 0.78 0.84 0.81
31 40 15 0.83 0.79 0.81
32 40 20 0.84 0.83 0.84
33 45 5 0.82 0.83 0.83
34 45 10 0.83 0.81 0.82
35 45 15 0.84 0.82 0.83
36 45 20 0.82 0.83 0.83
37 50 5 0.86 0.84 0.85
38 50 10 0.83 0.83 0.83
39 50 15 0.81 0.83 0.82
40 50 20 0.79 0.83 0.81
41 55 5 0.81 0.83 0.82
42 55 10 0.83 0.77 0.80
43 55 15 0.82 0.83 0.83
44 55 20 0.83 0.81 0.82
45 59 5 0.77 0.83 0.80 0.80 0.80
46 45 13 0.81 0.83 0.82 0.82 0.82
47 34 7 0.80 0.82 0.81 0.81 0.81
48 28 10 0.79 0.80 0.82 0.81 0.81 Mean 0.82
49 50 10 0.82 0.81 0.83 0.83 0.82 Minimum 0.74
50 7 7 0.83 0.81 0.79 0.81 0.81 Maximum 0.86
51 3 1 0.74 0.81 0.78 0.81 0.79 Std Dev. 0.02






Table 108 - Eight speakers, ceiling mounted, 1-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method  
   178
Mount Type: Ceiling Speaker Locations: 12 Speakers
Tap Settings: B - 1.0 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.82 0.83 0.83
2 5 10 0.80 0.79 0.80
3 5 15 0.82 0.80 0.81
4 5 20 0.81 0.80 0.81
5 10 5 0.83 0.81 0.82
6 10 10 0.81 0.79 0.80
7 10 15 0.83 0.79 0.81
8 10 20 0.83 0.86 0.85
9 15 5 0.83 0.87 0.85
10 15 10 0.79 0.82 0.81
11 15 15 0.77 0.83 0.80
12 15 20 0.81 0.81 0.81
13 20 5 0.80 0.83 0.82
14 20 10 0.79 0.82 0.81
15 20 15 0.79 0.81 0.80
16 20 20 0.81 0.81 0.81
17 25 5 0.81 0.81 0.81
18 25 10 0.81 0.81 0.81
19 25 15 0.81 0.83 0.82
20 25 20 0.82 0.81 0.82
21 30 5 0.81 0.81 0.81
22 30 10 0.79 0.80 0.80
23 30 15 0.83 0.83 0.83
24 30 20 0.79 0.79 0.79
25 35 5 0.81 0.82 0.82
26 35 10 0.86 0.83 0.85
27 35 15 0.80 0.84 0.82
28 35 20 0.81 0.78 0.80
29 40 5 0.81 0.84 0.83
30 40 10 0.80 0.81 0.81
31 40 15 0.84 0.81 0.83
32 40 20 0.83 0.83 0.83
33 45 5 0.82 0.84 0.83
34 45 10 0.81 0.81 0.81
35 45 15 0.84 0.83 0.84
36 45 20 0.83 0.81 0.82
37 50 5 0.83 0.83 0.83
38 50 10 0.80 0.82 0.81
39 50 15 0.84 0.81 0.83
40 50 20 0.83 0.84 0.84
41 55 5 0.81 0.79 0.80
42 55 10 0.80 0.82 0.81
43 55 15 0.82 0.82 0.82
44 55 20 0.82 0.84 0.83
45 34 23 0.84 0.84 0.83 0.84 0.84
46 60 21 0.83 0.82 0.80 0.83 0.82
47 24 20 0.79 0.80 0.80 0.83 0.81
48 32 18 0.84 0.83 0.82 0.79 0.82 Mean 0.81
49 49 18 0.80 0.81 0.79 0.80 0.80 Minimum 0.77
50 5 1 0.79 0.82 0.81 0.81 0.81 Maximum 0.87
51 3 1 0.79 0.81 0.79 0.78 0.79 Std Dev. 0.02




(distances in feet) Wall
 
Table 109 - Twelve speakers, ceiling mounted, 1-watt power tap, carpet, 78 dBA, furniture, 5’x5’ 
grid, experimental method  
   179
 
Mount Type: Wall Speaker Locations: 1 speaker
Tap Settings: B - 1.0 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.79 0.79 0.79
2 5 10 0.82 0.81 0.82
3 5 15 0.79 0.80 0.80
4 5 20 0.78 0.81 0.80
5 10 5 0.77 0.78 0.78
6 10 10 0.79 0.81 0.80
7 10 15 0.78 0.81 0.80
8 10 20 0.81 0.78 0.80
9 15 5 0.79 0.77 0.78
10 15 10 0.77 0.80 0.79
11 15 15 0.83 0.81 0.82
12 15 20 0.78 0.79 0.79
13 20 5 0.73 0.77 0.75
14 20 10 0.80 0.80 0.80
15 20 15 0.77 0.80 0.79
16 20 20 0.77 0.77 0.77
17 25 5 0.75 0.77 0.76
18 25 10 0.75 0.78 0.77
19 25 15 0.81 0.76 0.79
20 25 20 0.73 0.81 0.77
21 30 5 0.73 0.77 0.75
22 30 10 0.78 0.78 0.78
23 30 15 0.74 0.78 0.76
24 30 20 0.77 0.77 0.77
25 35 5 0.79 0.77 0.78
26 35 10 0.75 0.78 0.77
27 35 15 0.77 0.72 0.75
28 35 20 0.78 0.78 0.78
29 40 5 0.73 0.77 0.75
30 40 10 0.78 0.78 0.78
31 40 15 0.73 0.77 0.75
32 40 20 0.78 0.75 0.77
33 45 5 0.77 0.77 0.77
34 45 10 0.77 0.77 0.77
35 45 15 0.78 0.75 0.77
36 45 20 0.75 0.74 0.75
37 50 5 0.76 0.78 0.77
38 50 10 0.78 0.77 0.78
39 50 15 0.77 0.75 0.76
40 50 20 0.76 0.77 0.77
41 55 5 0.74 0.79 0.77
42 55 10 0.79 0.79 0.79
43 55 15 0.77 0.79 0.78
44 55 20 0.74 0.77 0.76
45 10 19 0.79 0.79 0.79 0.77 0.79
46 24 21 0.80 0.74 0.77 0.81 0.78
47 4 19 0.81 0.77 0.79 0.82 0.80
48 11 6 0.79 0.79 0.81 0.79 0.80 Mean 0.78
49 19 20 0.79 0.78 0.78 0.80 0.79 Minimum 0.72
50 27 5 0.76 0.75 0.79 0.77 0.77 Maximum 0.83
51 3 1 0.77 0.79 0.80 0.73 0.77 Std Dev. 0.02






Table 110 - One speaker, wall mounted, 1-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method  
   180
Mount Type: Wall Speaker Locations: 2 speakers
Tap Settings: B - 1.0 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.81 0.83 0.82
2 5 10 0.78 0.80 0.79
3 5 15 0.81 0.81 0.81
4 5 20 0.81 0.80 0.81
5 10 5 0.81 0.79 0.80
6 10 10 0.81 0.75 0.78
7 10 15 0.79 0.78 0.79
8 10 20 0.83 0.78 0.81
9 15 5 0.81 0.79 0.80
10 15 10 0.77 0.79 0.78
11 15 15 0.79 0.77 0.78
12 15 20 0.75 0.80 0.78
13 20 5 0.78 0.80 0.79
14 20 10 0.79 0.81 0.80
15 20 15 0.77 0.78 0.78
16 20 20 0.80 0.77 0.79
17 25 5 0.79 0.77 0.78
18 25 10 0.75 0.80 0.78
19 25 15 0.76 0.77 0.77
20 25 20 0.78 0.78 0.78
21 30 5 0.78 0.79 0.79
22 30 10 0.77 0.77 0.77
23 30 15 0.75 0.76 0.76
24 30 20 0.79 0.77 0.78
25 35 5 0.77 0.76 0.77
26 35 10 0.76 0.77 0.77
27 35 15 0.81 0.77 0.79
28 35 20 0.73 0.81 0.77
29 40 5 0.73 0.79 0.76
30 40 10 0.79 0.76 0.78
31 40 15 0.75 0.80 0.78
32 40 20 0.75 0.77 0.76
33 45 5 0.78 0.73 0.76
34 45 10 0.76 0.77 0.77
35 45 15 0.80 0.78 0.79
36 45 20 0.76 0.78 0.77
37 50 5 0.76 0.76 0.76
38 50 10 0.79 0.77 0.78
39 50 15 0.77 0.79 0.78
40 50 20 0.77 0.78 0.78
41 55 5 0.77 0.78 0.78
42 55 10 0.78 0.77 0.78
43 55 15 0.81 0.79 0.80
44 55 20 0.78 0.77 0.78
45 10 8 0.80 0.79 0.77 0.80 0.79
46 55 7 0.77 0.79 0.77 0.78 0.78
47 26 13 0.79 0.75 0.79 0.77 0.78
48 48 4 0.73 0.76 0.73 0.76 0.75 Mean 0.78
49 39 22 0.79 0.79 0.74 0.80 0.78 Minimum 0.73
50 44 12 0.77 0.77 0.79 0.76 0.77 Maximum 0.83
51 3 1 0.77 0.81 0.83 0.79 0.80 Std Dev. 0.02






Table 111 - Two speakers, wall mounted, 1-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method  
   181
Mount Type: Ceiling Speaker Locations: 2 speakers
Tap Settings: A - 2 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.80 0.76 0.78
2 5 10 0.79 0.79 0.79
3 5 15 0.83 0.82 0.83
4 5 20 0.79 0.83 0.81
5 10 5 0.76 0.78 0.77
6 10 10 0.81 0.84 0.83
7 10 15 0.81 0.84 0.83
8 10 20 0.81 0.78 0.80
9 15 5 0.79 0.77 0.78
10 15 10 0.78 0.77 0.78
11 15 15 0.79 0.79 0.79
12 15 20 0.79 0.79 0.79
13 20 5 0.79 0.80 0.80
14 20 10 0.80 0.74 0.77
15 20 15 0.77 0.78 0.78
16 20 20 0.76 0.77 0.77
17 25 5 0.76 0.77 0.77
18 25 10 0.77 0.78 0.78
19 25 15 0.79 0.78 0.79
20 25 20 0.79 0.81 0.80
21 30 5 0.79 0.81 0.80
22 30 10 0.80 0.78 0.79
23 30 15 0.76 0.78 0.77
24 30 20 0.81 0.77 0.79
25 35 5 0.79 0.79 0.79
26 35 10 0.81 0.79 0.80
27 35 15 0.79 0.75 0.77
28 35 20 0.81 0.79 0.80
29 40 5 0.77 0.77 0.77
30 40 10 0.81 0.80 0.81
31 40 15 0.77 0.77 0.77
32 40 20 0.81 0.81 0.81
33 45 5 0.76 0.79 0.78
34 45 10 0.75 0.77 0.76
35 45 15 0.79 0.81 0.80
36 45 20 0.79 0.78 0.79
37 50 5 0.82 0.79 0.81
38 50 10 0.80 0.79 0.80
39 50 15 0.81 0.83 0.82
40 50 20 0.77 0.79 0.78
41 55 5 0.77 0.83 0.80
42 55 10 0.79 0.82 0.81
43 55 15 0.83 0.86 0.85
44 55 20 0.81 0.83 0.82
45 20 12 0.80 0.74 0.76 0.79 0.77
46 10 16 0.82 0.83 0.81 0.82 0.82
47 53 17 0.81 0.83 0.82 0.82 0.82
48 6 7 0.77 0.80 0.77 0.77 0.78 Mean 0.79
49 47 10 0.79 0.79 0.77 0.76 0.78 Minimum 0.73
50 17 19 0.81 0.81 0.79 0.77 0.80 Maximum 0.86
51 3 1 0.78 0.77 0.76 0.73 0.76 Std Dev. 0.02






Table 112 - Two speakers, ceiling mounted, 2-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
   182
Mount Type: Ceiling Speaker Locations: 4 speakers (corners)
Tap Settings: A - 2 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.79 0.80 0.80
2 5 10 0.79 0.81 0.80
3 5 15 0.79 0.81 0.80
4 5 20 0.78 0.81 0.80
5 10 5 0.77 0.81 0.79
6 10 10 0.77 0.77 0.77
7 10 15 0.81 0.77 0.79
8 10 20 0.83 0.79 0.81
9 15 5 0.78 0.79 0.79
10 15 10 0.78 0.77 0.78
11 15 15 0.80 0.79 0.80
12 15 20 0.77 0.79 0.78
13 20 5 0.78 0.79 0.79
14 20 10 0.80 0.78 0.79
15 20 15 0.80 0.77 0.79
16 20 20 0.78 0.77 0.78
17 25 5 0.79 0.77 0.78
18 25 10 0.77 0.79 0.78
19 25 15 0.79 0.79 0.79
20 25 20 0.81 0.79 0.80
21 30 5 0.80 0.79 0.80
22 30 10 0.75 0.77 0.76
23 30 15 0.79 0.81 0.80
24 30 20 0.79 0.79 0.79
25 35 5 0.79 0.78 0.79
26 35 10 0.78 0.79 0.79
27 35 15 0.78 0.81 0.80
28 35 20 0.83 0.79 0.81
29 40 5 0.78 0.78 0.78
30 40 10 0.79 0.81 0.80
31 40 15 0.77 0.79 0.78
32 40 20 0.79 0.79 0.79
33 45 5 0.78 0.80 0.79
34 45 10 0.82 0.81 0.82
35 45 15 0.79 0.81 0.80
36 45 20 0.83 0.78 0.81
37 50 5 0.83 0.86 0.85
38 50 10 0.78 0.80 0.79
39 50 15 0.82 0.80 0.81
40 50 20 0.80 0.84 0.82
41 55 5 0.81 0.79 0.80
42 55 10 0.81 0.82 0.82
43 55 15 0.79 0.79 0.79
44 55 20 0.82 0.81 0.82
45 45 12 0.83 0.81 0.83 0.81 0.82
46 11 19 0.81 0.81 0.80 0.76 0.80
47 43 9 0.79 0.80 0.81 0.76 0.79
48 9 1 0.83 0.78 0.79 0.81 0.80 Mean 0.79
49 41 14 0.75 0.79 0.76 0.79 0.77 Minimum 0.75
50 26 15 0.77 0.79 0.79 0.77 0.78 Maximum 0.86
51 3 1 0.79 0.80 0.80 0.79 0.80 Std Dev. 0.02






Table 113 - Four speakers (corners), ceiling mounted, 2-watt power tap, carpet, 78 dBA, furniture, 
5’x5’ grid, experimental method 
   183
Mount Type: Ceiling Speaker Locations: 12 Speakers
Tap Settings: A - 2 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.75 0.81 0.78
2 5 10 0.79 0.75 0.77
3 5 15 0.79 0.79 0.79
4 5 20 0.81 0.81 0.81
5 10 5 0.79 0.77 0.78
6 10 10 0.77 0.77 0.77
7 10 15 0.77 0.79 0.78
8 10 20 0.81 0.80 0.81
9 15 5 0.78 0.79 0.79
10 15 10 0.79 0.77 0.78
11 15 15 0.76 0.79 0.78
12 15 20 0.81 0.79 0.80
13 20 5 0.78 0.79 0.79
14 20 10 0.78 0.81 0.80
15 20 15 0.77 0.77 0.77
16 20 20 0.79 0.80 0.80
17 25 5 0.76 0.75 0.76
18 25 10 0.82 0.77 0.80
19 25 15 0.81 0.81 0.81
20 25 20 0.79 0.79 0.79
21 30 5 0.79 0.79 0.79
22 30 10 0.78 0.79 0.79
23 30 15 0.83 0.77 0.80
24 30 20 0.81 0.79 0.80
25 35 5 0.79 0.80 0.80
26 35 10 0.77 0.80 0.79
27 35 15 0.79 0.79 0.79
28 35 20 0.81 0.77 0.79
29 40 5 0.76 0.76 0.76
30 40 10 0.79 0.80 0.80
31 40 15 0.77 0.77 0.77
32 40 20 0.79 0.82 0.81
33 45 5 0.79 0.81 0.80
34 45 10 0.77 0.79 0.78
35 45 15 0.81 0.83 0.82
36 45 20 0.79 0.80 0.80
37 50 5 0.80 0.80 0.80
38 50 10 0.79 0.79 0.79
39 50 15 0.81 0.77 0.79
40 50 20 0.82 0.82 0.82
41 55 5 0.81 0.79 0.80
42 55 10 0.79 0.81 0.80
43 55 15 0.80 0.77 0.79
44 55 20 0.78 0.77 0.78
45 58 20 0.81 0.77 0.77 0.83 0.80
46 49 17 0.75 0.81 0.81 0.79 0.79
47 53 21 0.79 0.82 0.82 0.80 0.81
48 13 4 0.77 0.78 0.79 0.79 0.78 Mean 0.79
49 43 20 0.80 0.81 0.79 0.78 0.80 Minimum 0.74
50 22 17 0.78 0.80 0.79 0.81 0.80 Maximum 0.83
51 3 1 0.78 0.76 0.74 0.77 0.76 Std Dev. 0.02




(distances in feet) Wall
 
Table 114 - Twelve speakers, ceiling mounted, 2-watt power tap, carpet, 78 dBA, furniture, 5’x5’ 
grid, experimental method 
   184
Mount Type: Wall Speaker Locations: 1 speaker
Tap Settings: A - 2.0 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.82 0.82 0.82
2 5 10 0.79 0.81 0.80
3 5 15 0.81 0.81 0.81
4 5 20 0.81 0.81 0.81
5 10 5 0.79 0.80 0.80
6 10 10 0.79 0.80 0.80
7 10 15 0.77 0.79 0.78
8 10 20 0.80 0.79 0.80
9 15 5 0.76 0.74 0.75
10 15 10 0.77 0.81 0.79
11 15 15 0.80 0.77 0.79
12 15 20 0.77 0.78 0.78
13 20 5 0.79 0.75 0.77
14 20 10 0.81 0.74 0.78
15 20 15 0.79 0.79 0.79
16 20 20 0.81 0.80 0.81
17 25 5 0.75 0.75 0.75
18 25 10 0.79 0.75 0.77
19 25 15 0.79 0.80 0.80
20 25 20 0.79 0.81 0.80
21 30 5 0.78 0.77 0.78
22 30 10 0.75 0.78 0.77
23 30 15 0.76 0.77 0.77
24 30 20 0.79 0.75 0.77
25 35 5 0.76 0.76 0.76
26 35 10 0.74 0.76 0.75
27 35 15 0.77 0.75 0.76
28 35 20 0.73 0.76 0.75
29 40 5 0.76 0.75 0.76
30 40 10 0.76 0.77 0.77
31 40 15 0.74 0.74 0.74
32 40 20 0.78 0.79 0.79
33 45 5 0.76 0.74 0.75
34 45 10 0.78 0.74 0.76
35 45 15 0.75 0.73 0.74
36 45 20 0.76 0.78 0.77
37 50 5 0.78 0.81 0.80
38 50 10 0.76 0.77 0.77
39 50 15 0.74 0.73 0.74
40 50 20 0.78 0.78 0.78
41 55 5 0.79 0.79 0.79
42 55 10 0.78 0.78 0.78
43 55 15 0.71 0.77 0.74
44 55 20 0.72 0.75 0.74
45 36 21 0.77 0.78 0.74 0.76 0.76
46 2 13 0.87 0.84 0.86 0.84 0.85
47 22 5 0.80 0.79 0.77 0.74 0.78
48 42 12 0.77 0.76 0.74 0.77 0.76 Mean 0.77
49 48 13 0.74 0.73 0.78 0.77 0.76 Minimum 0.71
50 55 19 0.77 0.77 0.81 0.79 0.79 Maximum 0.87
51 3 1 0.77 0.77 0.77 0.75 0.77 Std Dev. 0.03






Table 115 - One speaker, wall mounted, 2-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
   185
Mount Type: Wall Speaker Locations: 2 speakers
Tap Settings: A - 2.0 25v amp Variables: Carpet, 78 dBA, Furniture
5'x5' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 5 0.80 0.83 0.82
2 5 10 0.81 0.81 0.81
3 5 15 0.81 0.80 0.81
4 5 20 0.81 0.79 0.80
5 10 5 0.78 0.82 0.80
6 10 10 0.79 0.78 0.79
7 10 15 0.81 0.77 0.79
8 10 20 0.83 0.78 0.81
9 15 5 0.81 0.79 0.80
10 15 10 0.76 0.77 0.77
11 15 15 0.79 0.79 0.79
12 15 20 0.79 0.77 0.78
13 20 5 0.74 0.77 0.76
14 20 10 0.79 0.77 0.78
15 20 15 0.76 0.77 0.77
16 20 20 0.74 0.76 0.75
17 25 5 0.77 0.76 0.77
18 25 10 0.77 0.78 0.78
19 25 15 0.81 0.77 0.79
20 25 20 0.77 0.75 0.76
21 30 5 0.73 0.77 0.75
22 30 10 0.78 0.78 0.78
23 30 15 0.78 0.76 0.77
24 30 20 0.79 0.74 0.77
25 35 5 0.77 0.74 0.76
26 35 10 0.72 0.73 0.73
27 35 15 0.81 0.76 0.79
28 35 20 0.77 0.75 0.76
29 40 5 0.75 0.77 0.76
30 40 10 0.75 0.76 0.76
31 40 15 0.78 0.77 0.78
32 40 20 0.76 0.77 0.77
33 45 5 0.73 0.75 0.74
34 45 10 0.79 0.77 0.78
35 45 15 0.76 0.76 0.76
36 45 20 0.76 0.77 0.77
37 50 5 0.78 0.76 0.77
38 50 10 0.79 0.75 0.77
39 50 15 0.76 0.80 0.78
40 50 20 0.79 0.77 0.78
41 55 5 0.79 0.79 0.79
42 55 10 0.79 0.80 0.80
43 55 15 0.77 0.79 0.78
44 55 20 0.78 0.79 0.79
45 3 5 0.84 0.83 0.81 0.80 0.82
46 30 8 0.77 0.77 0.79 0.78 0.78
47 54 13 0.78 0.79 0.77 0.77 0.78
48 33 15 0.75 0.77 0.74 0.79 0.76 Mean 0.78
49 22 15 0.79 0.74 0.78 0.78 0.77 Minimum 0.72
50 20 8 0.80 0.79 0.77 0.79 0.79 Maximum 0.84
51 3 1 0.80 0.80 0.79 0.82 0.80 Std Dev. 0.02






Table 116 - Two speakers, wall mounted, 2-watt power tap, carpet, 78 dBA, furniture, 5’x5’ grid, 
experimental method 
   186
Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: E - 1/8 25v amp Variables: Carpet, 78 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.80 0.82 0.82 0.83 0.82
2 5 17 0.84 0.81 0.82 0.84 0.83
3 15 7 0.80 0.79 0.79 0.82 0.80
4 15 17 0.83 0.80 0.79 0.80 0.81
5 25 7 0.80 0.79 0.82 0.82 0.81
6 25 17 0.81 0.79 0.79 0.81 0.80
7 35 7 0.79 0.79 0.79 0.81 0.80
8 35 17 0.79 0.82 0.83 0.81 0.81
9 45 7 0.81 0.83 0.81 0.81 0.82
10 45 17 0.81 0.83 0.86 0.81 0.83
11 55 7 0.83 0.84 0.83 0.83 0.83






















Table 117 - Two speakers, ceiling mounted, 1/8-watt power tap, carpet, 78 dBA, furniture, 10’x10’ 
grid, experimental method 
   187
Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: C - 1/2 25v amp Variables: Carpet, 78 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.86 0.81 0.82 0.83 0.83
2 5 17 0.79 0.82 0.83 0.84 0.82
3 15 7 0.81 0.81 0.84 0.77 0.81
4 15 17 0.8 0.83 0.82 0.8 0.81
5 25 7 0.79 0.79 0.81 0.79 0.80
6 25 17 0.81 0.83 0.82 0.81 0.82
7 35 7 0.79 0.77 0.81 0.82 0.80
8 35 17 0.84 0.81 0.83 0.81 0.82
9 45 7 0.83 0.83 0.83 0.87 0.84
10 45 17 0.83 0.81 0.83 0.87 0.84
11 55 7 0.86 0.83 0.82 0.82 0.83






















Table 118 - Two speakers, ceiling mounted, ½-watt power tap, carpet, 78 dBA, furniture, 10’x10’ 
grid, experimental method 
   188
Mount Type: Ceiling Speaker Locations: 2 Speakers
Tap Settings: A - 2 25v amp Variables: Carpet, 78 dBA, Furniture,
10'x10' grid, Experimental Method
Reading # X Y Front Right Back Left AVG
1 5 7 0.83 0.82 0.77 0.83 0.81
2 5 17 0.86 0.84 0.81 0.81 0.83
3 15 7 0.82 0.8 0.79 0.79 0.80
4 15 17 0.82 0.79 0.81 0.8 0.81
5 25 7 0.82 0.79 0.8 0.8 0.80
6 25 17 0.79 0.78 0.81 0.8 0.80
7 35 7 0.83 0.8 0.81 0.81 0.81
8 35 17 0.8 0.81 0.79 0.81 0.80
9 45 7 0.81 0.81 0.83 0.79 0.81
10 45 17 0.8 0.81 0.81 0.79 0.80
11 55 7 0.82 0.84 0.84 0.84 0.84




















(distances in feet) Wall
 
Table 119 - Two speakers, ceiling mounted, 2-watt power tap, carpet, 78 dBA, furniture, 10’x10’ 
grid, experimental method 
 
 
